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@ Process of forming gasket directly on workpiece, apparatus and mold suitable for the process.

@ A process and an apparatus for forming a gasket
(12) directly on a workpiece (10) having a joining
surface (14) which has an annular gasket-fixing
groove (16), wherein a mold (20, 56, 66, 120) having
a gasket-forming groove (26) which cooperates with
the gasket-fixing groove to define a cavity (28) for
forming the gasket (12) is clamped to the joining
surface of the workpiece, and a material is injected
into the cavity through an injection passage (34)
which is formed through the mold and which com-
municates with the gasket-forming groove. The ma-
terial is cured into the gasket, and the mold is
removed from the workpiece. The mold may have
two elastic sealing members (60, 62, 70, 72) dis-
posed on inner and outer sides of the gasket-forming
groove, respectively, so as to extend along the gas-
ket-forming groove, and provide pressure-tight seal-
ing of the cavity when the body is placed on the
workpiece such that the sealing members are held in
elastic pressure-tight contact with the joining surface.
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a process of
forming or fabricating a gasket directly on a joining
surface of a workpiece such that the gasket is
partly and fixedly received in a groove formed in
the joining surface. The invention also relates to an
apparatus suitable for practicing the above process,
and a mold used in the apparatus.

Discussion of the Related Art

A gasket or elastically deformable packing is
used to make a pressure-tight joint between sta-
tionary components such as a body of an engine
and a head cover. For instance, such a gasket is
attached to the joining surface of the head cover.
Conventionally, a gasket produced independently
of the head cover, typically, a commercially avail-
able gasket is fitted in a gasket-fixing groove
formed in the joining surface of the head cover.
Since the gasket is usually elastically deformable
and flexible, it is difficult to automate the operation
to attach the gasket, and the operation is per-
formed manually by the worker. The manual at-
tachment of the gasket to the workpiece suffers
from a relatively large fluctuation in the condition of
fitting of the gasket in the groove, and does not
assure satisfactory pressure tightness at the joint.

Techniques to simultaneously form and fix a
gasket on the workpiece have been proposed. An
example of such techniques is disclosed in JP-A-5-
5089, wherein two components or workpieces to be
pressure-tightly joined together are assembled
such that the joining surfaces define a space, and a
suitable material is injected into the space, to form
a gasket within the space. JP-A-1-295078 discloses
another technique in which a gasket forming
groove formed in a mold is filled with a resin
material that expands upon curing thereof, and is
placed on the workpiece, and the resin material is
cured and expanded into a gasket fixed on the
workpiece. Since these techniques permit simulta-
neous formation and fixing of a gasket on the
workpiece, the procedure to attach the gasket to
the workpiece is eliminated.

In the technique disclosed in JP-A-5-5089 in
which the material is injected into the space formed
between the joining surfaces of the assembled
components or workpieces, it is impossible to
check the formed gasket within the assembly, lead-
ing to relatively low forming stability or reliability of
the gasket. Further, the size of the gasket cannot
be larger than that of the space, resulting in insuffi-
cient pressure tightness at the joint and leading fo
a risk of development of a gap at the joint by
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vibration of the assembly. While the use of a ma-
terial which expands upon curing thereof is possi-
ble, the gasket formed in this case contains a gas,
and is not hard enough to assure a desired degree
of pressure tightness at the joint.

In the technique disclosed in JP-A-1-295078,
on the other hand, air is likely to be trapped in
spaces between the material and the surfaces de-
fining the gasket forming groove when the groove
is filled with the material before the mold is placed
on the workpiece. Further, air if contained in the
material cannot be easily removed since the ma-
terial generally has a high viscosity, and air voids
or bubbles tend to exist in the formed gasket,
causing a variation in the quality of the gasket.
Another drawback of this technique arises from the
use of a resin material which expands upon curing.
Described more specifically, the gasket formed by
expansion of the resin material so as to extend
from the joining surface of the workpiece is consid-
erably weak or soft, and does not provide a suffi-
cient degree of pressure tightness at the joint with
respect to another component even if the two com-
ponents are clamped together so as to cause elas-
tic deformation of the gasket. Further, the material
is applied to the mold so as to fill the gasket
forming groove. It is cumbersome and time-con-
suming to apply the material to the mold particu-
larly where the gasket to be formed has a com-
plicated three-dimensional configuration.

SUMMARY OF THE INVENTION

It is therefore a first object of the present
invention to provide a simple process of simulta-
neously forming and fixing a gasket on a work-
piece, which process assures improved pressure
tightness at the joining surface of the workpiece
with respect to another component.

It is a second object of the present invention to
provide a gasket fabricating apparatus suitable for
practicing the process indicated above.

The first object indicated above may be
achieved according 1o a first aspect of the present
invention, which provides a process of forming a
gasket directly on a workpiece having a joining
surface which has an annular gasket-fixing groove,
comprising the steps of: (a) preparing a mold hav-
ing a gasket-forming groove which cooperates with
the gasket-fixing groove to define a cavity for for-
ming the gasket; (b) clamping the mold to the
joining surface of the workpiece; (c) injecting a
material for the gasket into the cavity through an
injection passage which is formed through the mold
and which communicates with the gasket-forming
groove; (d) curing the material injected in the cav-
ity; and (e) removing the mold from the workpiece.
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In the present gasket forming process, the gas-
ket is formed directly on the joining surface of the
workpiece such that the gasket is partly fixed in the
gasket-fixing groove which cooperates with the
gasket-forming groove of the mold to form the
cavity corresponding to the gasket. Accordingly,
the present process does not require a separate or
independent step of attaching the gasket to the
joining surface of the workpiece, contrary to the
conventional process which includes a step of for-
ming a gasket independently of the workpiece and
a step of attaching the thus formed gasket to the
workpiece. The gasket can be simultaneously
formed and fixed on the workpiece, by simply
clamping the mold to the joining surface of the
workpiece, and injecting the suitable material into
the cavity through the injection passage formed
through the mold. In the present process, the cav-
ity can be easily and efficiently filled with the
material, even where the gasket has a complicated
three-dimensional configuration. This is not so in
the conventional process in which the material is
applied to the gasket-forming groove in the mold
before the mold is placed on the workpiece. Fur-
ther, the present process does not suffer from
trapping of air within the material filling the cavity,
and thus assures improved quality of the gasket
formed of the air-free material. Since the mold has
the gasket-forming groove which provides a part of
the cavity, the gasket partly received and fixed in
the gasket-fixing groove formed in the joining sur-
face of the workpiece extends above the joining
surface by an amount corresponding to the depth
of the gasket-forming groove. Further, the material
need not be expandable upon curing thereof.
Therefore, the gasket formed on the workpiece
provides a high degree of fluid tightness or pres-
sure tightness when the workpiece and a mating
component are clamped together during assem-
bling such that the gasket is elastically compressed
against the joining surface of the mating compo-
nent.

The second object indicated above may be
achieved according to a second aspect of this
invention, which provides an apparatus for forming
a gasket directly on a workpiece having a joining
surface which has an annular gasket-fixing groove,
comprising: (@) a mold having a gasket-forming
groove which cooperates with the gasket firxing
groove of the workpiece to define a cavity for
forming the gasket when the mold is placed on the
joining surface of the workpiece, the mold further
having an injection passage which communicates
with the gasket-forming groove and through which
a material for the gasket is injected into the cavity;
(b) a clamping device for clamping the mold to the
joining surface of the workpiece; (c) a material
feeding device for injecting the material into the
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cavity through the injection passage; and (d) a
curing device for curing the material injected in the
cavity.

The gasket forming apparatus of the present
invention constructed as described above provides
substantially the same advantages as described
above with respect to the process of the invention.
Briefly, the present apparatus permits a gasket to
be simultaneously formed and fixed on the work-
piece, by simply clamping the mold to the joining
surface of the workpiece by the clamping device,
and injecting the suitable material from the material
feeding device into the cavity through the injection
passage formed through the mold.

According to one preferred form of the appara-
tus of the present invention, the mold includes a
body which is placed placed on the joining surface
of the workpiece and which has the gasket-forming
groove and the injection passage, and further in-
cludes inner and outer elastic sealing members
attached to the body. The inner and outer elastic
sealing members are disposed on inner and outer
sides of the annular gasket-forming groove, respec-
tively, so as to extend along the gasket-forming
groove. The inner and outer elastic sealing mem-
bers provide pressure-tight sealing of the cavity
when the body is placed on the joining surface of
the workpiece such that the elastic sealing mem-
bers are held in elastic pressure-tight contact with
the joining surface.

When the present mold is used for forming a
gasket, the mold is placed on the joining surface of
the workpiece so that the gasket-forming groove of
the mold cooperates with the gasket-fixing groove
of the workpiece to define the cavity for forming
the gasket. Then, the material is injected into the
cavity through the injection passage formed
through the mold. As a result, the gasket is simulta-
neously formed and fixed on the joining surface of
the workpiece. Thus, the mold provides substan-
tially the same advantage as the gasket forming
process described above. Further, the inner and
outer elastic sealing members are attached to the
body of the mold such that the inner and outer
elastic sealing members extend along the gasket-
forming groove such that the gasket-forming
groove is interposed between the inner and outer
elastic sealing members disposed on the respec-
tive inner and outer sides of the gasket-forming
groove. These elastic sealing members are adapt-
ed to he held in elastic pressure-tight contact with
the joining surface of the workpiece, for providing
pressure-tight sealing of the cavity over the entire
periphery of the cavity, without an excessive
clamping force between the mold and workpiece,
even where the joining surface of the workpiece
has some strain, deflection or buckling, or a low
degree of surface smoothness. Accordingly, the
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present mold prevents leakage of the material from
the cavity, and permits improved yield ratio of the
material, and formation of the gasket having a high
degree of consistency in its height, irrespective of
deflection or buckling of the joining surface of the
workpiece. Moreover, the relatively small clamping
force required to obtain sufficient pressure tight-
ness between the mold and workpiece is advanta-
geous in reducing a risk of damaging the work-
piece and/or mold, and makes it possible to use a
relatively simple and less costly device for clamp-
ing the mold to the workpiece.

According to a second preferred form of the
apparatus of the invention, the mold includes a
body which is placed on the joining surface of the
workpiece and which has the gasket-forming
groove and the injection passage. The mold further
includes inner and outer elastic tubes attached to
the body, and further has a fluid passage commu-
nicating with the elastic tube. The inner and outer
elastic tubes are disposed on inner and outer sides
of the gasket-forming groove, respectively, so as fo
extend along the gasket-forming groove, the inner
and outer elastic tubes providing pressure-tight
sealing of the cavity when the body is placed on
the joining surface of the workpiece such that the
elastic tubes are held in elastic pressure-tight con-
tact with the joining surface. In this preferred form
of the invention, the apparatus further comprises:
(e) a pressurized-fluid supply device connectable
to the fluid passage of the body, for supplying the
elastic tubes with a pressurized fluid; (f) a first
pressure sensor for detecting a pressure of the
pressurized fluid in the elastic tubes; (g) a second
pressure sensor for detecting an injection pressure
of the material; and (h) a controller for controlling at
least one of the pressurized-fluid supply device
and the material feeding device, such that the
pressure of the pressurized fluid detected by the
first pressure sensor and the injection pressure of
the material detected by the second pressure sen-
sor increase so as to maintain a predetermined
relationship therebetween without leakage of the
material from the cavity.

In the present gasket forming apparatus con-
structed according to the above second preferred
form of the invention, the pressurized fluid is fed
from the pressurized-fluid supply device into the
elastic tubes through the fluid passage formed
through the mold clamped to the workpiece, so that
the elastic tubes inflated by the pressurized fluid
provide pressure-tight sealing of the cavity on its
inner and outer sides, while the material is injected
by the material injecting device into the cavity
through the injection passage. As a result, the
gasket is simultaneously formed and fixed on the
joining surface of the workpiece. Therefore, the
present apparatus provides substantially the same
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advantage described above with respect to the
process according to the first preferred form of this
invention. Further, the inner and outer elastic tubes
provide pressure-tight sealing of the cavity over the
entire periphery and on the opposite sides of the
cavity, without an excessive clamping force be-
tween the mold and workpiece, even where the
joining surface of the workpiece has some strain,
deflection or buckling, or a low degree of surface
smoothness. Accordingly, the mold used in the
present apparatus assures improved yield ratio of
the material, and provides substantially the same
advantage as described above with respect to the
mold constructed according to the first preferred
form of this invention.

On the other hand, it is noted that as the
injection of the material progresses, the resistance
to flow or injection of the material through the
injection passage into the cavity increases, and the
injection pressure of the material accordingly in-
creases. An increase in the injection pressure
tends to increase a gap or clearance between the
mold and the workpiece, and is likely to cause
leakage of the material from the cavity. In view of
this tendency, the present apparatus is also adapt-
ed to control at least one of the pressurized-fluid
supply device and the material feeding device such
that the pressure of the pressurized fluid in the
elastic tubes and the injection pressure of the ma-
terial increase so as to maintain or satisfy a pre-
determined relationship without leakage of the ma-
terial from the cavity. This arrangement is effective
fo prevent leakage of the material even in a latter
half of the injection period during which the injec-
tion pressure of the material is relatively high.
Further, the injection of the material can be initiated
at a relatively early point of time at which the
pressure of the fluid in the elastic tubes is com-
paratively low. That is, it is not necessary to start
the injection of the material only after the pressure
of the fluid in the elastic tubes has been raised fo a
considerably high level which corresponds to a
high level of the injection pressure that is expected
fo be generated in the latter half or terminal portion
of the injection period. This arrangement permits
reduction of the non-productive time, resulting in
reduced overall time required to form the gasket.

The predetermined relationship indicated
above between the pressure of the pressurized
fluid and the injection pressure of the material can
be determined by experiment, for example, on the
basis of the required pressure levels of the pres-
surized fluid which do not cause leakage of the
material at different levels of the injection pressure
of the material, or on the basis of the allowable
levels of the injection pressure which do not cause
leakage of the material at different levels of the
pressurized fluid pressure. These relationships ob-



7 EP 0 671 575 A2 8

tained by experiment may be represented by data
maps stored in a memory of the controller. In this
case, the controller controls the pressurized-fluid
supply device and/or the material feeding device
according to the stored data maps. At least one of
these devices may be controlled such that if the
actual pressure of the pressurized fluid is lower
than the required pressure level or if the actual
injection pressure is higher than the allowable level,
the delivery rate of the pressurized fluid of the
pressurized-fluid supply device is increased, or the
injection of the material by the feeding device is
temporarily interrupted or the amount of the injec-
tion is reduced.

In one advantageous arrangement of the ap-
paratus according to the above second preferred
form of the invention, the controller comprises
means for providing an indication of abnormality
associated with the supplying of the elastic tubes
with the pressurized fluid, if the pressure of the
pressurized fluid detected by the first pressure
sensor is lower than a predetermined threshold. In
this preferred form of the apparatus, the operator is
informed of the presence of any abnormality asso-
ciated with the supply of the pressurized fluid into
the elastic tubes, if the pressure of the pressurized
fluid in the elastic tubes is lower than the predeter-
mined threshold level. This arrangement therefore
provides for early detection of abnormality such as
damage of the elastic tubes or defective connec-
tion of the pressurized-fluid supply device to the
mold, and is effective to prevent reduction of the
yield ratio of the material and defective gasket due
to leakage of the material from the cavity. The
threshold level may be a fluid pressure level that
permits normal injection of the material into the
cavity. For instance, the actual pressure of the
pressurized fluid is compared with the threshold
level when a suitable time has passed after the
injection of the material is initiated. The data map
stored in the controller to control the pressurized-
fluid supply device and/or the material feeding de-
vice may be used to compare the actual pressure
of the pressurized fluid with the required pressure
level indicated above. In this case, the indication of
abnormality may be provided if the actual fluid
pressure is held lower than the required level for
more than a predetermined time, for example.

A third preferred form of the apparatus of the
present invention further comprises: () a pressure
sensor for detecting an injection pressure of the
material; (f) an injection amount sensor for detect-
ing an amount of injection of the material by the
material feeding device; and (g) means for deter-
mining whether the injection pressure of the ma-
terial detected by the pressure sensor and the
amount of injection of the material detected by the
injection amount sensor satisfy a predetermined
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relationship, and providing an indication of abnor-
mality associated with the injection of the material
by the material feeding device, if the predeter-
mined relationship is not satisfied.

In the above preferred form of the gasket for-
ming apparatus, the material is injected by the
material injecting device into the cavity through the
injection passage while the mold is placed on the
workpiece. As a result, the gasket is simultaneously
formed and fixed on the joining surface of the
workpiece. Thus, the present apparatus provides
substantially the same advantage as described
above with respect to the process of the present
invention. Further, the injection pressure of the
material is detected by the pressure sensor, while
the injection amount of the material is detected by
the injection amount sensor, and the detected in-
jection pressure and amount are monitored to de-
termine whether these two parameters satisfy the
predetermined relationship, and to provide an in-
dication of abnormality associated with the injection
of the material if the predetermined relationship is
not satisfied. The present apparatus also permits
early detection of abnormality such as leakage of
the material, plugging of the injection passage with
the material, and defective connection of the ma-
terial feeding device to the mold, and is effective to
prevent reduction of the yield ratio of the material,
defective gasket due to the material leakage, and
damaging of the material feeding device due to an
excessive rise of the injection pressure. The injec-
fion pressure increases with an increase in the
injecting resistance of the material as the injecting
amount increases. The predetermined relationship
may be obtained by experiment on the basis of the
optimum or required actual injection pressure and
amount that are obtained when the apparatus is
normally functioning. For example, the actual injec-
tion pressure corresponding to a given injection
amount is compared with the optimum level. Alter-
natively, an optimum relationship between the in-
jecting pressure and amount obtained by experi-
ment is stored as a data map, and the actual
injection pressure and amount are continuously
monitored according to the data map during injec-
tion of the material.

A fourth preferred form of the apparatus of this
invention further comprises: (e) a pressure sensor
for detecting an injection pressure of the material;
(f) time measuring means for measuring an injec-
tion time of the material which has passed after an
operation of the material feeding device is started;
and (g) means for determining whether the injec-
tion pressure of the material detected by the pres-
sure sensor and the injection time measured by the
time measuring means satisfy a predetermined re-
lationship, and providing an indication of abnormal-
ity associated with the injection of the material by
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the material feeding device, if the predetermined
relationship is not satisfied.

In the above preferred form of the gasket for-
ming apparatus, the material is injected by the
material injecting device into the cavity through the
injection passage while the mold is placed on the
workpiece. As a result, the gasket is simultaneously
formed and fixed on the joining surface of the
workpiece. Thus, the present apparatus provides
substantially the same advantage as described
above with respect to the process of the present
invention. Further, the injection pressure of the
material is detected by the pressure sensor, while
the injection time of the material is detected by the
time measuring means, and the detected injection
pressure and time are monitored to determine
whether these two parameters satisfy the predeter-
mined relationship, and to provide an indication of
abnormality associated with the injection of the
material if the predetermined relationship is not
satisfied. The present apparatus also permits early
detection of abnormality such as leakage of the
material, plugging of the injection passage with the
material, and defective connection of the material
feeding device to the mold, and is effective to
prevent reduction of the yield ratio of the material,
defective gasket due to the material leakage, and
damaging of the material feeding device due to an
excessive rise of the injection pressure. The injec-
fion pressure increases with an increase in the
injecting resistance of the material as the injecting
fime increases. The predetermined relationship
may be obtained by experiment on the basis of the
optimum or required actual injection pressure and
time that are obtained when the apparatus is nor-
mally functioning. For example, the actual injection
pressure corresponding to a given injection time is
compared with the optimum level. Alternatively, an
optimum relationship between the injecting pres-
sure and time obtained by experiment is stored as
a data map, and the actual injection pressure is
continuously monitored according to the data map
during injection of the material. The present ap-
paratus according to the fourth preferred form of
the invention is advantageous over the apparatus
according to the third preferred form of the inven-
tion described above.

A fifth preferred form of the apparatus of this
invention further comprises: (e) an injection amount
sensor for detecting an amount of injection of the
material by the material feeding device; (f) time
measuring means for measuring an injection time
of the material which has passed after an operation
of the material feeding device is started; and (g)
means for determining whether the amount of in-
jection of the material detected by the injection
amount sensor and the injection time measured by
the time measuring means satisfy a predetermined
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relationship, and providing an indication of abnor-
mality associated with the injection of the material
by the material feeding device, if the predeter-
mined relationship is not satisfied.

In the above fifth preferred form of the gasket
forming apparatus, the material is injected by the
material injecting device into the cavity through the
injection passage while the mold is placed on the
workpiece. As a result, the gasket is simultaneously
formed and fixed on the joining surface of the
workpiece. Thus, the present apparatus provides
substantially the same advantage as described
above with respect to the process of the present
invention. Further, the injection amount of the ma-
terial is detected by the injection amount sensor,
while the injection time of the material is detected
by the time measuring means, and the detected
injection amount and time are monitored to deter-
mine whether these two parameters satisfy the
predetermined relationship, and to provide an in-
dication of abnormality associated with the injection
of the material if the predetermined relationship is
not satisfied. The present apparatus also permits
early detection of abnormality such as leakage of
the material, plugging of the injection passage with
the material, and defective connection of the ma-
terial feeding device to the mold, and is effective to
prevent reduction of the yield ratio of the material,
defective gasket due to the material leakage, and
damaging of the material feeding device due to an
excessive rise of the injection pressure. The ma-
terial feeding device may use a piston which is
moved with a controlled back pressure. The piston
may be moved by a fluid-actuated cylinder which
is operated with a pressurized fluid. The pressure
of the pressurized fluid to actuate the cylinder may
be held constant or varied according to a predeter-
mined pattern as a function of time. The material is
injected into the cavity at a comparatively high rate
during an initial portion of the injection period in
which the injecting resistance of the material is
relatively low. The injecting rate of the material is
reduced in a latter half or terminal portion of the
injection period in which the injecting resistance is
relatively high. The predetermined relationship may
be obtained by experiment on the basis of the
optimum or required actual injection time and
amount that are obtained when the apparatus is
normally functioning. For example, the actual injec-
tion amount corresponding to a given injection time
is compared with the optimum value. Alternatively,
an optimum relationship between the injecting time
and amount obtained by experiment is stored as a
data map, and the actual injection amount is con-
tinuously monitored according to the data map
during injection of the material. The present ap-
paratus according to the fifth preferred form of the
invention is advantageous over the apparatus ac-
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cording to the third preferred form of the invention
described above.

According to a sixth preferred form of the ap-
paratus of this invention, the mold includes a body
which is placed on the joining surface of the work-
piece and which has the gasket-forming groove
and the injection passage. The body further has an
air exhaust passage which is open at one end
thereof to a portion of the gasket-forming groove to
which the material flowing from the injection pas-
sage reaches last. Usually, that portion is most
distant from a point of communication of the injec-
tion passage with the gasket-forming groove, as
measured along the gasket-forming groove. The air
exhaust passage is open at the other end thereof fo
an ambient atmosphere.

When the present mold is used for forming a
gasket, the mold is placed on the joining surface of
the workpiece such that the gasket-forming groove
of the mold cooperates with the gasket-fixing
groove of the workpiece to define the cavity for
forming the gasket. In this condition, the material is
injected into the cavity through the injection pas-
sage. As a result, the gasket is simultaneously
formed and fixed on the joining surface of the
workpiece. Thus, the present mold also provides
substantially the same advantage as described
above with respect to the process of the invention.
Further, the air exhaust passage which is formed
through the mold and open to the atmosphere at
one end thereof is open at the other end o a
portion of the gasket-forming groove which is most
distant from the point of communication of the
injection passage with the gasket-forming groove,
as measured along the gasket-forming groove. In
other words, the air exhaust passage is open fo a
portion of the gasket-forming groove at which two
flows of the material from the injection passage
through respective two parts of the annular gasket-
forming groove merge immediately before the cav-
ity is filled with the material. Air remains at that
portion of the gasket-forming groove, by the time
just before the cavity is filled. Accordingly, as the
amount of the material injected into the cavity
increases, an entire volume of the air in the cavity
is forced out through the air exhaust passage. This
arrangement prevents air voids left in the gasket,
and facilitates the injection of the material. The
provision of the air exhaust passage is effective to
prevent the air voids particularly where the mold
has elastic sealing members such as elastic tubes
according to the first or second preferred form of
the invention described above, which are held in
pressure-tight contact with the joining surface of
the workpiece to provide an excellent pressure-
tight sealing of the cavity.

In one advantageous arrangement of the ap-
paratus according to the above sixth preferred form
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of the invention, the body incorporates a filter at
one end of the air exhaust groove at which the air
exhaust passage communicates with the gasket-
forming groove. The filter permits a flow of air
therethrough and inhibiting a flow of the material
therethrough. The filter eliminates or minimizes
leakage of the material through the air exhaust
passage, thereby improving the yield ratio of the
material. Further, the provision of the filter fo mini-
mize the material leakage through the air exhaust
passage permits the air exhaust passage to have a
relatively large size at its open end open to the
gasket-forming groove. The relatively large opening
of the air exhaust passage accommodates a possi-
ble variation in the position of the gasket-forming
groove at which the two flows of the materials from
the injection passage merge. Therefore, the air can
be exhausted through the air exhaust passage un-
der any injecting condition, whereby the gasket
formed is less likely to have air voids. The filter is
preferably a porous metal or ceramic structure or a
metal fiber felt.

The first object indicated above may also be
achieved according to a third aspect of this inven-
tion, which provides a process of forming a gasket
directly on a workpiece having a joining surface
which has an annular gasket-fixing groove, the pro-
cess comprising the steps of: (a) preparing a mold
having a gasket-forming groove which cooperates
with the gasket-fixing groove to define a cavity for
forming the gasket; (b) clamping the mold to the
joining surface of the workpiece; (c) providing the
mold with an air exhaust passage which is open at
one end thereof to the gasket-forming groove; (d)
connecting an evacuating device to the other end
of the air exhaust passage, and operating the evac-
uating device to evacuate the cavity through the air
exhaust passage; (e) injecting a material for the
gasket into the cavity through an injection passage
which is formed through the mold and which com-
municates with the gasket-forming groove; (f) cur-
ing the material injected in the cavity; and (g)
removing the mold from the workpiece.

In the above process according to the third
aspect of the invention, the cavity formed by the
workpiece and the mold clamped to the workpiece
is evacuated through the air exhaust passage.
Hence, the present process prevents the formation
of air voids in the gasket and facilitates the injec-
tion of the material, as well as provides substan-
tially the same advantage as described above with
respect to the process according to the first aspect
of the invention. The present process is advanta-
geously practiced with the mold having elastic
sealing members according to the first or second
preferred form of this invention.

While the evacuation of the cavity may be
effected before the injection of the material into the



13 EP 0 671 575 A2 14

cavity, the evacuation may be effected concurrently
with the material injection. In this case, the air
exhaust passage is preferably open to a portion of
the gasket-forming groove which is most distant
from the opening of the injection passage. Where
the cavity is evacuated prior to the material injec-
tion, the air exhaust passage may be open to any
portion of the gasket-forming groove. As described
above with respect to the mold according to the
sixth preferred form of the invention, a filter is
desirably disposed at an end portion of the air
exhaust passage on the side of the gasket-forming
groove.

One preferred form of the process according to
the above aspect of the invention further comprises
the steps of measuring an evacuating time which
has passed after an operation of the evacuating
device is started, detecting a pressure in the cavity
while the evacuating device is in operation, deter-
mining whether the evacuating time and the pres-
sure in the cavity satisfy a predetermined relation-
ship, and providing an indication of abnormality
associated with evacuation of the cavity, if the
predetermined relationship is not satisfied.

In the above preferred form of the process, the
evacuation of the cavity is monitored by determin-
ing whether the evacuating time after the start of
the evacuation and the pressure in the cavity sat-
isfy the predetermined relationship. This arrange-
ment provides for early detection of abnormality
associated with the evacuation of the cavity, such
as insufficient sealing between the mold and the
joining surface of the workpiece, and damage of
the elastic sealing members as used according to
the first or second preferred form of the invention
described above. Thus, the present process pre-
vents reduction of the yield ratio of the material or
defective gasket due to leakage of the material.
The pressure in the cavity decreases as a function
of the evacuating time. The predetermined relation-
ship may be obtained by experiment on the basis
of the optimum or required actual evacuating time
and the cavity pressure that are obtained when the
evacuation is normally effected. For example, the
actual cavity pressure corresponding to a given
injection time is compared with the optimum level.
Alternatively, an optimum relationship between the
evacuating time and the cavity pressure obtained
by experiment is stored as a data map, and the
actual evacuating time and cavity pressure are
continuously monitored according to the data map
during injection of the material.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and optional objects, features and

advantages of the present invention will be better
understood by reading the following detailed de-
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scription of presently preferred embodiments of the
invention, when considered in connection with the
accompanying drawings, in which:
Figs. 1(a) through 1(e) are views indicating pro-
cess steps in a process of forming a gasket on
a subject component or workpiece according to
one embodiment of the present invention;
Fig. 2 is a front elevational view of an engine
head cover as the workpiece on which the gas-
ket is formed according to the method of Figs.
1(a)-1(e);
Fig. 3 is a partly cut-away, front elevational view
of the head cover on which a mold for forming
the gasket is superposed in the method of Fig.
1;
Fig. 4 is a partly cut-away bottom plan view of
the mold of Fig. 3;
Fig. 5 is an elevational view in cross section
taken along line 5-5 of Fig. 3;
Fig. 6 is a view illustrating the mold as con-
nected to a material feeding or injecting device
in the step of Fig. 1(b);
Fig. 7 is a front elevational view showing a mold
constructed according to another embodiment of
the invention, as superposed on the workpiece
in the form of an engine head cover;
Fig. 8 is a bottom plan view of the mold shown
in Fig. 7;
Fig. 9 is a fragmentary elevational view in cross
section taken along line 9-9 of Fig. 7;
Fig. 10 is a front elevational view showing a
mold according to a further embodiment of the
invention;
Fig. 11 is a bottom plan view of the mold of Fig.
10;
Fig. 12 is a cross sectional view taken along line
12-12 of Fig. 10;
Fig. 13 is a schematic view illustrating a gasket
fabricating system according to a still further
embodiment of the invention;
Figs. 14 and 15 are flow charts illustrating an
operation of the gasket fabricating system of
Fig. 13 in injecting a material into the mold;
Fig. 16 is a graph indicating an example of a
data map used in step S13 of Fig. 15 to cal-
culate required air pressure PAZ2;
Fig. 17 is a front elevational view showing the
mold to which an air bleeder joint is connected
after the material is cured, in the gasket fabricat-
ing system of Fig. 13;
Fig. 18 is a gasket fabricating system construct-
ed according to a yet further embodiment of this
invention;
Fig. 19 is a flow chart illustrating one form of
operation of the gasket fabricating system of
Fig. 18;
Fig. 20 is a flow chart showing details of step R5
in the flow chart of Fig. 19;
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Fig. 21 is a graph indicating an example of a
data map used in step R5-3 of Fig. 20 to cal-
culate maximum and minimum allowable ma-
terial injection pressure levels PBmax1 and
PBmint;

Fig. 22 is a flow chart illustrating another form of
operation of the gasket fabricating system of
Fig. 18;

Fig. 23 is a flow chart showing details of step
Q6 in the flow chart of Fig. 22;

Fig. 24 is a graph indicating an example of a
data map used in step Q6-3 of Fig. 23 to cal-
culate the maximum and minimum allowable
material injection pressure levels PBmax2 and
PBmin2;

Fig. 25 is a schematic view showing a gasket
fabricating system constructed according to still
another embodiment of the invention;

Fig. 26 is a flow chart illustrating an operation of
the system of Fig. 25;

Fig. 27 is a flow chart showing details of step
WG in the flow chart of Fig. 26;

Fig. 28 is a graph indicating an example of a
data map used in step W6-3 of Fig. 27 to
calculate maximum and minimum allowable ma-
terial injection amounts Mmax and Mmin;

Fig. 29 is a bottom plan view showing a mold
constructed according to yet another embodi-
ment of the present invention;

Fig. 30 is an elevational view in cross section of
the mold of Fig. 29 as superposed on an engine
head cover, showing an air exhaust passage
formed through the mold;

Fig. 31 is a view depicting a gasket fabricating
system which uses the mold of Fig. 29;

Fig. 32 is a flow chart illustrating an operation of
the system of Fig. 31;

Fig. 33 is a graph indicating an example of a
data map used in step F4 of Fig. 32 to calculate
upper limit pressure PCmax; and

Fig. 34 is a front elevational view showing an air
compressor connected to the mold in the sys-
tem of Fig. 31, after the injected material in the
mold is cured.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring first to Figs. 1(a) through 1(e), there
will be briefly described process steps for even-
tually forming or fabricating a gasket 12 on a
workpiece in the form of a head cover 10 of a
motor engine, as shown in Fig. 2. The head cover
10 has a joining surface 14 at which the head cover
is pressure-tightly fixed to the body of the engine.
The joining surface 14 has a generally annular or
closed-loop gasket-fixing groove 16 in which the
gasket 12 is partly received. As indicated in Fig. 2,
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the gasket 12 is formed so as to partly extend
above the joining surface 14.

In the process step of Fig. 1(a), a mold 20 for
forming the gasket 12 is placed on the joining
surface 14 of the head cover 10, and the mold 20
and the head cover 10 are clamped together by a
suitable fixture 22 under pressure. The fixture 22 is
a clamping device for holding the mold 20 and the
head cover 10 together without a gap therebetween
in the following material injecting step of Fig. 1(b)
and material firing or curing step of Fig. 1(c). For
instance, the fixture 22 may consists of an internal
force type clamping device such as a toggle
clamp, and/or an external force type clamping de-
vice such as a hydraulic clamp adapted to hold the
mold 20 in the material injection step of Fig. 1(a).
Where the head cover 10 and mold 20 are moved
from one station to another for the different process
steps while being clamped together, it is desirable
o use only the internal force type clamp.

The mold 20 clamped to the head cover 10 in
the clamping step of Fig. 1(a) is shown in Fig. 3.
The mold 20 has a joining surface 24 for pressure-
tight contact with the joining surface 14 of the head
cover 10. The joining surface 24 is shown in the
bottom plan view of the mold 20 in Fig. 4. The
joining surfaces 14 and 24 of the head cover 10
and mold 20 are also shown in the cross sectional
view of Fig. 5 taken along line 5-5 of Fig. 3. As is
apparent from Figs. 3-5, the mold 20 has a gasket-
forming groove 26 formed in its joining surface 24.
The gasket-forming groove 26 cooperates with the
gasket-fixing groove 16 to define a gasket-forming
cavity 28 when the mold 20 is clamped to the head
cover 10 in a predetermined relationship. The gas-
ket-forming groove 26 has a cross sectional shape
corresponding to the desired shape of the gasket
12 to be formed, more precisely, corresponding to
the desired shape of a part of the gasket 12 which
extends above the joining surface 14 of the head
cover 10. In the present embodiment, the gasket-
forming groove 26 has a substantially semicircular
shape as seen in Fig. 5.

The mold 20 has a plurality of positioning pins
30 formed on the joining surface 24, while the head
cover 10 has corresponding pin holes 32 formed in
the joining surface 14, so that the mold 20 and the
head cover 10 are positioned relative to each other
by engagement of these positioning pins 30 and
holes 32, as indicated in Fig. 3. The positioning
holes 32 may be the holes provided for engage-
ment with positioning pins which are provided on
the engine body for attaching the head cover 10 to
the engine body with the gasket 12 interposed
therebetween. Alternatively, the mold 20 may be
formed for engagement with a peripheral portion of
the head cover 10 for positioning of the mold 20
and head cover 10 relative to each other. Further,
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the fixture 22 may be adapted to position the mold
20 and head cover 10 relative to each other.

The mold 20 has an injection passage 34 open
to the gasket-forming groove 26, and a connector
38 attached thereto for communication with the
passage 34, as indicated in Figs. 3 and 4. The
connector 38 has an inlet 36 at one end thereof
remote from the outer end of the passage 34.

Referring back to Fig. 1(b), a material for for-
ming the gasket 12 is injected into the cavity 28
through the inlet 36 and passage 34 while the mold
20 is clamped to the head cover 10 by the fixture
22. To this end, a material feeding device 40 is
connected to the connector 38, as shown in Fig. 6.
The material feeding device 40 includes a connect-
ing tube 42 for connection to the connector 38, a
feed cylinder 46 for forcing the material (indicated
at 44 in Fig. 6) into the connecting tube 42, and a
pump 48 (pale pump) for delivering the material 44
from a suitable reservoir to the feed cylinder 46.
The connecting tube 42 is adapted for pressure-
tight or fluid-tight connection with the connector 38
with a suitable sealing member (e.g., rubber seal),
by simply forcing the connecting tube 42 onto the
connector 38. However, the tube 42 may be con-
nected to the connector 38 by a mechanical device
such as threaded members.

The feed cylinder 46 has a piston 50 and is
designed so that one movement of the piston 50 fo
its elevated position causes the material 44 to be
fed by an amount necessary for fabricating one
gasket 12, that is, for forming the gasket 12 on one
workpiece (head cover 10). The piston 50 is ac-
tivated by suitable drive means such as a motor 89
and a feed screw rotated by the motor 89, which
are provided in a material feeding device 88 used
in a gasket fabricating system of Fig. 13. Alter-
natively, the piston 50 is reciprocated by a pneu-
matically or hydraulically operated cylinder 114
provided in a material feeding device 112 used in a
gasket fabricating system of Fig. 25. These sys-
tems of Fig. 13 and 25 will be described later.

The material 44 may be a liquid rubber ma-
terial such as a liquid silicone rubber and a liquid
acrylic rubber, which can be injected into the cavity
28 through the injection passage 34 and which can
be cured into the gasket 12.

In the step of Fig. 1(c), the material 44 injected
into the cavity 28 is hardened or cured in a curing
device 52. To this end, the head cover 10 and the
mold 20 which are clamped together by the fixture
22 are disconnected from the material feeding de-
vice 40, and are introduced into the curing device
52. Since the material 44 has a comparatively high
viscosity value, the material 44 will not be dis-
charged from the cavity 28 through the injection
passage 34 even after the connecting tube 42 is
disconnected from the connector 38. The curing
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device 52 is designed depending upon the prop-
erties of the material 44 to be used. For example,
the curing device 52 may be a hot-air furnace, a
high-frequency heating device or a far-infrared
heating device, where the material 44 is a heat-
curable material, that is, curable by exposure to
heat. Where the material 44 is a UV-curable ma-
terial, that is, curable by exposure to ultraviolet
radiation, a UV generator may be used as the
curing device 52. Where the material 44 is heat-
curable, the mold 20 is desirably formed of a heat-
resistant metal or synthetic resin material. Where
the material 44 is UV-curable, the mold 20 is
desirably formed of an acrylic or polycarbonate
resin, a glass or other material which fransmits
ultraviolet radiation.

In the step of Fig. 1(d), the head cover 10 and
the mold 20 are taken out of the curing device 52
after the material 44 has been cured, and the mold
20 is removed from the head cover 10 by operating
the fixture 22 to its unclamping position. With the
mold 20 removed from the head cover 10, the
gasket 12 formed by curing the material 44 within
the cavity 28 is partly exposed on the joining
surface 14 of the head cover 10, while it is partly
accommodated in the gasket-fixing groove 16.
Thus, the head cover 10 with the gasket 12 formed
on its joining surface 14 is obtained, as shown in
Fig. 2. In this respect, it is noted that the gasket-
fixing groove 16 is shaped for more difficult re-
moval of the gasket 12 or material 44 from the
groove 16 than from the gasket-forming groove 26
in the mold 20, and that the surface defining the
groove 26 is coated with a suitable mold release
agent for facilitating the removal of the material 44
therefrom. Therefore, the gasket 12 is retained on
the head cover 10 when the mold 20 is removed
from the head cover 10. The surface of the groove
26 in the removed mold 20 is coated with a mold
release agent, and the mold is returned to the
station of the mold clamping step of Fig. 1(a), while
the head cover 10 with the gasket 12 formed
thereon is cooled as needed, and moved to the
next station in which the head cover 10 is sub-
jected to another process step as indicated at Fig.
1(e).

In the gasket fabricating process described
above, the gasket 12 is fixed in the groove 16 in
the head cover 10 while the gasket 16 is formed by
the mold 20 placed on the head cover 10. Thus, it
is not necessary to first fabricate a gasket sepa-
rately from or independently of the head cover, and
then attach the gasket to the head cover 10. That
is, the present process does not require a separate
cumbersome, time-consuming step of attaching the
gasket 12 to the head cover 10. The gasket 12 is
simultaneously formed and fixed on the joining
surface 14 of the head cover 10, by simply clamp-
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ing the mold 20 onto the head cover 10 and
injecting the material 44 into the cavity 28 defined
by the mold 20 and head cover 10. The present
process permits easier and more efficient fabrica-
tion of the high-quality gasket 12 with improved
stability without undesirable trapping of air within
the material 44 during injection, even if the gasket
12 has a complicated three-dimensional configura-
tion, than the conventional process in which the
gasket-forming groove 26 is first filled with the
material 44 and then the mold 20 is superposed on
the head cover 10 before the material is cured.
Further, the gasket 12 partly accommodated in the
fixing groove 16 formed in the head cover 10 is
partly exposed extending from the joining surface
14 by a distance corresponding to the depth of the
gasket-forming groove 26 formed in the mold 20.
Accordingly, the material 44 of the gasket 12 need
not be a material which expands upon curing there-
of, and the exposed portion of the gasket 12 is
elastically compressed upon attachment of the
head cover 10 to the body of the engine, whereby
a comparatively high degree of pressure tightness
is obtained between the head cover 10 and the
engine body.

Referring next to Figs. 7-9, there will be de-
scribed a second embodiment of this invention. In
these figures, the same reference numerals as
used in Figs. 1-6 will be used to identify the
corresponding components, and no redundant de-
scription of these components will be provided, in
the interest of brevity and simplification.

The embodiment of Figs. 7-9 uses a mold 56
different from the mold 20 in the first embodiment.
As shown in Figs. 7-9 corresponding to Figs. 3-5,
the mold 56 includes a body 58 and a pair of
elastic sealing members 60, 62 disposed on the
joining surface 24 of the body 58. The body 58 has
the gasket-forming groove 26, injection passage 34
and connector 38, which have been described
above. The elastic sealing members 60, 62 are
adapted to be held in elastic pressure-tight contact
with the joining surface 14 of the head cover 10,
and cooperate with the grooves 26, 16 to define the
pressure-tight cavity 28. The sealing members 60,
62 are partly received and bonded in respective
generally annular inner and outer grooves formed
along the annular groove 26 in the joining surface
24, as indicated in Fig. 8. The inner and outer
grooves take the form of an inverted trapezoid in
cross section as indicated in Fig. 9. The material of
the elastic sealing members 60, 62 is selected so
that the material does-not disturb the curing of the
material 44 for the gasket 12, and has a sufficiently
high heat resistance where the material 44 is heat-
curable. Where the material 44 is a heat-curable
liquid silicone rubber material, a fluoro rubber (rub-
ber containing fluorine) is preferably used as the
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material of the sealing members 60, 62. Where the
material 44 is a liquid acrylic rubber, an ordinary
acrylic rubber or nitrile rubber may be used for the
sealing members 60, 62. To minimize an influence
of the sealing members 60, 62 on the height and
cross sectional shape of the gasket 12 to be
formed, dimensions d1, d2 and d3 of the sealing
members 60, 62 as indicated in Fig. 9 should
preferably be determined as follows:

di
d2
d3

about 1-2mm
about 0.5mm
about 2-3mm

where

di: distance between the free end of the
sealing members 60, 62 and the edge of
the groove 26;

dz: distance of extension of the sealing
members 60, 62 from the joining surface
24 before the mold 56 is clamped to the
head cover 10; and

ds: width of the sealing members 60, 62 at
their lower end face.

Thus, the mold 56 has the inner and outer
elastic sealing members 60, 62 formed on the inner
and outer sides of the gasket-forming groove 26,
so that the sealing members 60, 62 are elastically
compressed against the joining surface 14 of the
head cover 10 when the mold 56 is clamped to the
head cover 10, whereby fluid-tight or pressure-tight
sealing is provided between the joining surfaces 14
and 24 over the entire periphery of the cavity 28,
so as to assure the pressure-tight cavity 28, without
an excessive clamping force between the mold 56
and head cover 10, even if the joining surface 14
has some strain, deflection or buckling, or poor
surface smoothness. Accordingly, the elastic seal-
ing members 60, 62 prevent leakage of the ma-
terial 44 from the cavity 28, and thereby increases
the vyield ratio of the material 44. Further, the
sealing members 60, 62 assures a high degree of
consistency of height of the gaskets 12 to be
formed, irrespective of strain, deflection or buckling
of the head cover 10. Moreover, a relatively small
clamping force required to provide pressure-tight
sealing between the joining surfaces 14, 24 elimi-
nates a risk of damaging of the head cover 10 and
mold 56, and simplifies the construction of the
clamping fixture 22, leading to reduction of the cost
of manufacture of the fixture 22.

Reference is now made to Figs. 10-12 cor-
responding to Figs. 3-5, which show a third em-
bodiment of this invention. The present embodi-
ment uses a mold 66 which includes a body 68,
and elastic sealing members in the form of a pair
of rubber tubes 70, 72 disposed on the joining
surface 24 of the body 68. The body 68 has the
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gasket-forming groove 26, injection passage 34
and connector 38 as described above with respect
to the first embodiment. The rubber tubes 70, 72
are partly received and bonded in respective inner
and outer generally annular grooves formed along
the groove 26 in the joining surface 24, as in-
dicated in Fig. 11. Like the elastic members 60, 62,
the rubber tubes 70, 72 are adapted to be held in
elastic pressure-tight contact with the joining sur-
face 14 of the head cover 10, and cooperate with
the head cover 10 to define the pressure-tight
cavity 28. The material of the rubber tubes 70, 72
is selected in the same manner as described
above with respect to the elastic sealing members
60, 62. That is, the material of the rubber tubes 70,
72 should not disturb the curing of the material 44,
and should have sufficient heat resistance where
the material 44 is heat-curable. Where the material
44 is a heat-curable liquid silicone rubber material,
for example, a fluoro rubber is preferably used as
the material of the rubber tubes 70, 72. To mini-
mize an influence of the rubber tubes 70, 72 on the
height and cross sectional shape of the gasket 12,
the rubber tubes 70, 72 should preferably be posi-
tioned and dimensioned substantially as described
above with respect to the sealing members 60, 62.

The two rubber tubes 70, 72 communicate with
each other by two communication passages 74, 74
formed in the body 68. The outer rubber tube 72
communicates with a fluid passage 76 formed in
the body 68, and the fluid passage 76 commu-
nicates with a connector 78 attached to the body
68. The rubber tubes 70, 72 have openings 80 at
which the tubes 70, 72 are connected to the com-
munication passages 74 and fluid passage 76. The
connector 78 is connectable to a connecting tube
84 of a pressurized-fluid supply device 82 (air
compressor) as shown in Fig. 13, and to an air
bleeder joint 86 as shown in Fig. 17, for example.
The connector 78 is designed to be open when it is
connected to the connecting tube 84 or air bleeder
joint 86, but closed when it is disconnected from
the tube 84 or joint 86, so that the pressurized air
introduced in the rubber tubes 70, 72 is held there-
in. The rubber tubes 70, 72 are elastically ex-
panded by the pressurized air intfroduced therein,
so that the expanded tubes 70, 72 are elastically
forced against the joining surface 14 of the head
cover 10. The number and position of the commu-
nication passages 74 connecting the inner and
outer tubes 70, 72 may be changed as needed.
The fluid passage 76 may be formed in commu-
nication with the communication passages 74.

For instance, the mold 66 of Figs. 10-12 may
be used in a gasket fabricating system 90 shown in
Fig. 13, which is constructed according to a fourth
embodiment of the present invention. After the
mold 66 is clamped to the head cover 10 by the
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fixture 22, the connecting tube 42 of a material
feeding device 88 is connected to the connector 38
of the mold 66, while the connecting tube 84 of the
pressurized-fluid supply device 82 is connected to
the connector 78 of the mold 66. The material
feeding device 88 is one type of the device 40 of
Fig. 6 in which the motor 89 is used to rotate the
feed screw for reciprocating the piston 50 of the
feed cylinder 46. The motor 89 is controlled ac-
cording fo a drive signal received from a controller
92. The pressurized-fluid supply device 82 incor-
porates an air compressor which is controlled ac-
cording fo a drive signal received from the control-
ler 92, so that the pressurized air as a pressurized
fluid is fed into the rubber tubes 70, 72 through the
connecting tube 84, connector 78 and fluid pas-
sage 76. To the connecting tube 42, there is con-
nected a pressure sensor 94 for detecting an injec-
tion pressure PB of the material 44. To the con-
necting tube 84, there is connected a pressure
sensor 96 for detecting the pressure PA of the
compressed air in the rubber tubes 70, 72. Signals
indicative of these pressures PB, PA are sent from
the sensors 94, 96 to the controller 92. While the
pressure detected by the pressure sensor 96 is the
pressure within the connecting tube 84, this de-
tected pressure can be used as the pressure PA
within the rubber tubes 70, 72, since the pressure
in the tubes 70, 72 is only slightly different from
the pressure in the connecting tube 84. The pres-
sure sensors 94, 96 may be thin-film type pressure
sensors in which piezoelectric elements or strain
gages are disposed on a thin film which deforms
depending upon a pressure difference with respect
to the atmospheric pressure. The pressurized-fluid
supply device 82 may be adapted to pressurize a
liquid or a gas other than the air. The material
feeding device 88 using the motor 89 and feed
screw to actuate the piston 50 of the feed cylinder
46 may be replaced by the material feeding device
112 shown in Fig. 25 in which the hydraulically or
pneumatically operated cylinder 114 is used fo
move the piston 50 with a suitable back pressure.

The controller 92 includes a microcomputer
incorporating a central processing unit (CPU), a
random-access memory (RAM), a read-only mem-
ory (ROM), input and output interface circuits, A/D
converters, and a timer circuit such as a crystal or
quartz oscillator. The CPU operates to process
signals to control the material feeding device 88,
pressurized-fluid supply device 82 and a display
98, according to control programs stored in the
ROM while utilizing a temporary data storage func-
tion of the RAM. There will be described an opera-
tion of the gasket fabricating system 90 under the
control of the controller 92, by reference to the flow
chart of Figs. 14 and 15.
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When a start switch is turned on, the controller
92 starts executing a control routine illustrated in
Figs. 14 and 15. The routine is initiated with step
S1 to activate the pressurized-fluid supply device
82 to feed the compressed air to the rubber tubes
70, 72 at a predetermined delivery rate. Step S1 is
followed by step S2 to read the air pressure PA
represented by the signal from the pressure sensor
96. Then, the control flow goes to step S3 to
determine whether the air pressure PA is equal to
or higher than a predetermined initial level PAT1.
This initial level PA1 is determined by experiment
or simulation or by calculation, on the basis of the
actual air pressure in the rubber tubes 70, 72 when
these tubes 70, 72 are normal, such that the initial
level PA1 permits the rubber tubes 70, 72 to be
expanded to an extent for sufficient pressure-tight
contact with the joining surface 14 so as to prevent
leakage of the material 44 injected. When the de-
tected air pressure PA has been raised to the initial
level PA1, the control flow goes to step S4. While
the air pressure PA is lower than the initial level
PA1, step S3 is followed by step S9 to increment a
counter C1, and step S10 to determine whether the
content of the counter C1 has reached a predeter-
mined number N1.

The counter C1 is initialized or reset to "0"
immediately after the routine is started, and incre-
mented each time step S9 is implemented. Steps
S9 and S10 cooperate to detect an abnormally
slow increase in the air pressure PA due to some
trouble such as a damage of the rubber tubes 70,
72, a defect in the pressurized-fluid supply device
82, and defective connection of the connecting
tube 84 and connector 78. The predetermined
number N1 is determined by first determining an
optimum number to be counted by the counter C1
during a time period required for the pressure PA
to be raised to the initial level PA1. The optimum
number is determined by experiment or simulation
or by calculation on the basis of the delivery rate of
the compressed air and the cycle time necessary
to repeat steps $1-83, S9 and S10 while the tubes
70, 72, device 82, connecting tube 84 and connec-
tor 78 are normal. The number N1 is determined to
be larger than the thus determined optimum num-
ber by a suitable value that accommodates a pos-
sible variation. If a negative decision (NO) is ob-
tained in step S10, the control flow goes back to
step S1. If an affirmative decision (YES) is obtained
in step S10, the control goes to step S11 to turn off
the pressurized-fluid supply device 82, and to step
S12 to turn on an ALARM light on the display 98,
for indicating the operator of the system 90 of the
presence of some abnormality associated with the
supply of the compressed air into the rubber tubes
70, 72.
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If an affirmative decision (YES) is obtained in
step S3 with the detected air pressure PA reaching
the predetermined initial level before the content of
the counter C1 reaching the predetermined number
N1, the control flow goes to step S4 in which the
motor 89 of the material feeding device 88 is
turned on to start feeding the material 44. The
motor 89 may be operated at a predetermined
constant speed, or at a speed which varies with
time according to a predetermined pattern so that
the injection pressure PB of the material 44 in-
creases with an increase in the compressed air
pressure PA. Alternatively, the motor 89 may be
operated with a suitable torque. The pressurized-
fluid supply device 82 is kept operated 1o raise the
air pressure PA in the rubber tubes 70, 72 even
after the affirmative decision (YES) is obtained in
step S8, namely, even after the injection of the
material 44 is started in step S4. Step S4 is fol-
lowed by step S5 to read the injection pressure PB
of the material 44 represented by the signal re-
ceived from the pressure sensor 94. Then, the
control flow goes to step s6 to determine whether
the detected injection pressure PB has reached a
predetermined final level PB1. The injection pres-
sure PB is initially comparatively low, and in-
creases as the feeding resistance of the material
44 increases with an increase in the amount of
injection of the material 44. The pressure PB sud-
denly rises when the cavity 28 is filled with the
injected material 44. The final level PB1 is the
pressure at which the cavity 28 is filled with the
material 44. The final level PB1 is determined by
experiment or simulation or by calculation. When
the injection pressure PB has reached the final
level PB1, step S7 is implemented to turn off the
material feeding device 88 to stop the injection of
the material 44, and turn off the pressurized-fluid
supply device 82 to stop the supply of the com-
pressed air. Step S7 is followed by step S8 to turn
on a CAVITY FULL light on the display 98, to
inform the operator of the completion of injection of
the material 44 into the cavity 28.

If a negative decision (NO) is obtained in step
$6, that is, if the detected pressure PB is lower
than the final level PB1, the control flow goes to
step S13 (Fig. 15) to calculate a required air pres-
sure level PA2, on the basis of the injection pres-
sure PB detected in step S5, and according to a
stored data map or equation representative of a
predetermined relationship between PB and PA2
as illustrated in Fig. 16 by way of example. As the
injection pressure PB is raised with an increase in
the amount of the injected material 44, the gap or
distance between the mold 66 and the head cover
10 is increased, whereby the ease of leakage of
the material 44 tends to increase. However, the
leakage is prevented by an increase in the com-
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pressed air pressure PA to the required level PA2.
As is apparent from the graph of Fig. 16, the
required level PA2 is determined by experiment or
simulation, so as to increase with the injection
pressure PB detected in step S5. Step S13 is
followed by step S14 to read the compressed air
pressure PA again, and by step S15 to determine
whether the detected compressed air pressure PA
has reached the required level PA2 calculated in
step S13. If an affirmative decision (YES) is ob-
tained in step S15, step S19 is implemented to
reset a counter C2 to "0", and the control goes
back to step S4. Steps S4-S6 are repeatedly imple-
mented until the affirmative decision (YES) is ob-
tained in step S6. That is, the injection of the
material 44 is continued until the injection pressure
PB has reached the predetermined final level PB1.

If the detected air pressure PA is lower than
the required level PA2, a negative decision (NO) is
obtained in step S$15. In this case, step S16 is
implemented to turn off the material feeding device
88 to stop the injection of the material 44, that is, to
turn off the motor 89 to stop the elevating move-
ment of the piston 50. If the material feeding de-
vice 112 as shown in Fig. 25 is used, the drive
cylinder 114 is stopped by cutting the pressurized
fluid applied thereto. Then, the control flow goes to
step S17 to increment the counter C2, and step
S$18 to determine whether the content of the coun-
ter C2 has reached a predetermined number N2.
The counter C2 is also reset to "0" immediately
after the routine is initiated, or in step S19 de-
scribed above. The content of the counter C2 re-
presents a time lapse after the negative decision
(NO) is obtained in step S15 for the first time, that
is, a time length during which the compressed air
pressure PA continues to be lower than the re-
quired level PA2. Steps S17 and S18 are provided
to detect an abnormal rise of the compressed air
pressure PA to the required level PA2, due to
some frouble such as damage of the rubber tubes
70, 72, defect of the supply device 82 or poor
connection of the tube 84 and connector 78. The
predetermined number N2 may be a fixed number
determined by the rate of rise of the air pressure
PA while the supply device 82 and associated
components are normal. Alternatively, the number
N2 may be determined on the basis of the de-
tected air pressure PA or injection pressure PB and
according to a stored data map or equation repre-
sentative of a predetermined N2-PA or N2-PB rela-
tionship. While the content of the counter C2 is
smaller than the number N2, step S5 and the
following steps are repeatedly implemented. If the
detected air pressure PA has been raised to the
required level PA2, that is, if the affirmative de-
cision (YES) is obtained in step S15, the control
goes to step S4 following step S19, whereby the
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material feeding device 88 is turned on again to
resume the injection of the material 44. If the
content of the counter C2 has reached the pre-
determined number N2, namely, if the predeter-
mined time corresponding to the number N2 has
passed without the air pressure PA reaching the
required level PA2, the control flow goes to steps
S11 and S12 to turn off the pressurized-fluid sup-
ply device 82 and turn on the ALARM light on the
display 98.

When the cavity 28 is filled with the material 44
injected by the material feeding device 88 and the
CAVITY FULL light is lit on the display 98, the
mold 66 is disconnected from the material feeding
device 88 and pressurized-fluid supply device 82,
while the mold 66 is clamped to the head cover 10
by the fixture 22. Then, the head cover 10 and
mold 66 are introduced into the curing device 52
illustrated in Fig. 1(c), so that the material 44 filling
the cavity 28 is cured. Since the material 44 has a
relatively high viscosity value, the material 44 intro-
duced into the cavity 28 will not be discharged
through the injection passage 34 when the con-
necting tube 42 is disconnected from the connector
38. On the other hand, the connector 78 is auto-
matically closed when the connecting tube 84 of
the supply device 82 is disconnected from the
connector 78. Therefore, the compressed air will
not leak from the rubber tubes 70, 72 through the
fluid passage, and the air pressure PA will not
drop. When the mold 66 is removed from the head
cover 10 after the curing of the material 44, the
connector 78 is connected to the air bleeder joint
86 as shown in Fig. 17, so that the compressed air
is forced out of the rubber tubes 70, 72 by the
elasticity of the tubes 70, 72. The joint 86 is then
disconnected from the connector 78, and the mold
66 removed from the head cover 10 is coated with
a mold releasing agent at its groove 26, and re-
turned to the mold clamping station of Fig. 1(a) for
use with the next workpiece (head cover 10).

In the present gasket fabricating system 90,
the cavity 28 is pressure-tightly sealed by the
rubber tubes 70, 72 which are elastically expanded
by the compressed air introduced therein by the
pressurized-fluid supply device 82 after the mold
66 is superposed on and clamped to the joining
surface 14 of the workpiece in the form of the
engine head cover 10. Further, the cavity 28 is
filled with the material 44 by the material feeding
device 88, and the material 44 is cured by the
curing device into the gasket 12. Thus, the gasket
12 is simultaneously formed within the cavity 28
and fixedly attached to the fixing groove 16 formed
in the head cover 10. Thus, the present system 90
has substantially the same advantage as the gasket
fabricating process illustrated in Figs. 1(a)-1(e) ac-
cording to the first embodiment of the invention.
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Further, the rubber tubes 70, 72 elastically com-
pressed against the joining surface 14 of the head
cover 10 assure pressure tightness of the cavity 28
over the entire periphery of the cavity 28, without
an excessive clamping force between the mold 56
and head cover 10, even if the joining surface 14
has some strain, deflection or buckling, or poor
surface smoothness. Accordingly, the rubber tubes
70, 72 increases the yield ratio of the material 44
and provide substantially the same advantages as
the elastic sealing members 60, 62 used with the
mold 56 of Fig. 9.

In the present fourth embodiment of Fig. 13,
the injection of the material 44 is initiated only after
the compressed air pressure PA in the rubber
tubes 70, 72 has been raised to the initial level PA1
high enough to assure pressure-tight contact of the
rubber tubes 70, 72 with the joining surface 14 and
prevent leakage of the material 44. Further, the
material supply device 88 once turned on is turned
off to interrupt the injection of the material 44 if the
air pressure PA is lower than the required level
PA2 which is determined depending upon the in-
jection pressure PB so as to prevent leakage of the
material. Thus, the material 44 is injected while the
air pressure PA is held higher than the required
level PA2, so that the material 44 is prevented from
leaking even when the injection pressure PB is
considerably high during a terminal portion of the
material injection period. Since the injection of the
material 44 is started only after the air pressure PA
is raised to the relatively low initial level PA1, the
non-productive time is made shorter than in the
case where the injection of the material 44 is
started after the air pressure PA is raised o a
comparatively high level corresponding to the in-
jection pressure PB in a latter half of the injection
period. In this respect, the time required to form
the gasket 12 on the head cover 10 is significantly
shortened.

It will be understood from the foregoing de-
scription that a portion of the controller 92 assigned
to implement steps S13-S16 (Fig. 15) constitutes
means for controlling an operation to inject the
material 44 while preventing leakage of the material
44. In the illustrated embodiment, the material
feeding device 88 is temporarily held off while the
air pressure PA is lower than the required level
PA2. However, the delivery rate of the air compres-
sor of the pressurized-fluid supply device 82 and/or
the operating speed or torque of the motor 89 of
the material feeding device 88 may be suitably
adjusted so that the injection pressure PB of the
material 44 and the air pressure PA will rise while
maintaining or satisfying a suitable relationship that
assures injection of the material 44 without leakage.
Where the material feeding device 112 of Fig. 25 is
used in place of the material feeding device 88, the

10

15

20

25

30

35

40

45

50

55

15

pressure of the pressurized fluid applied to the
drive cylinder 114 may be adjusted to adjust the
back pressure of the piston 50, rather than tem-
porarily stopping the injection of the material 44.
Further, the pressurized-fluid supply device 82 and
the material feeding device 88 may be controlled to
maintain the detected injection pressure PB below
an upper limit, which is determined on the basis of
the detected air pressure PA and according to a
stored data map representative of a predetermined
relationship between the pressures PA and PB, so
that the material 44 will not leak at the pressures
PA, PB.

As described above, the present gasket
fabricating system 90 is adapted such that the
ALARM light is turned on without the material feed-
ing device 88 being started if the actual air pres-
sure PA is not raised to the initial level PA1 in a
predetermined time after the pressurized supply
device 82 is turned on, that is, before the count of
the counter C1 reaches the predetermined number
N1. Further, the material feeding device 88 is
turned off and the ALARM light is turned on if a
predetermined time has passed while the air pres-
sure PA is held lower than the required level PA2
after the device 88 is turned on, that is, if the count
of the counter C2 reaches the predetermined num-
ber N2 before the air pressure PA has reached the
required level PA2. These arrangements permit
early detection of any abnormality associated with
the introduction of the compressed air into the
rubber tubes 70, 72, such as damaging of the
rubber tubes 70, 72, defects of the pressurized-
fluid supply device 82 or abnormal connection of
the connecting tube 84 and connector 78. Thus,
the present system 90 is adapted to minimize the
risk of leakage of the material 44, which would lead
to reduced yield ratio of the material and defective
gaskets 12 due to air in the mold cavity 28.

It will also be understood that a portion of the
controller 92 assigned to implement steps S3, S9
and S10 (Fig. 14) and steps S15, S17 and S18
(Fig. 15) constitutes means for providing an indica-
tion of abnormality associated with the introduction
of the compressed air into the rubber tubes 70, 72.
The initial and required levels PA1, PA2 are the
threshold values used to detect the abnormality.
Although the abnormality detection is effected both
before and after the injection of the material 44 is
started (in step S4), the detection may be effected
only before or after the start of the material injec-
tion. That is, only a series of steps S3, S9 and S10,
or only a series of steps $15, S17 and S18 may be
implemented.

Referring to Fig. 18, there is shown a gasket
fabricating system 100 constructed according to a
fifth embodiment of the present invention, in which
the connecting tube 42 of the material feeding



29 EP 0 671 575 A2 30

device 88 is connected to the connector 38 of the
mold 56 of Fig. 9 after the mold 56 is clamped to
the head cover 10 by the fixture 22. The motor 89
of the material feeding device 88 is controlled by a
controller 102. The connecting tube 42 of the de-
vice 88 is provided with the pressure sensor 94 for
detecting the injection pressure PB of the material
44, and the signal indicative of the pressure PB is
fed to the controller 102. The device 88 also has a
position sensor 104 for detecting a position X of
the piston 50 of the feed cylinder 46, and the
signal indicative of the position X is also fed to the
controller 102. The position sensor 104 may be an
optical one or a magnetic linear encoder, or may
be a rotary encoder adapted to detect the number
of rotation of the motor 89, which is used by the
controller 102 to calculate the position X of the
piston 50. While the present embodiment uses the
mold 56 having the elastic sealing members 60,
62, the mold 56 may be replaced by the mold 20
or the mold 66. Similarly, the material feeding
device 88 using the motor 89 and feed screw fo
reciprocate the piston 50 may be replaced by the
material feeding device 112 of Fig. 25 which uses
the drive cylinder 114 to move the piston 50 with a
suitable back pressure.

Like the controller 92, the controller 102 in-
cludes a microcomputer, which is adapted to ex-
ecute a routine as illustrated in the flow chart of
Figs. 19 and 20 or in the flow chart of Figs. 22 and
23. The routine of Figs. 19 and 20 is initiated with
step R1 when a start switch is turned on. In step
R1, the motor 89 is rotated in the reverse direction
to return the piston 50 to its original position X, at
which the injection of the material 44 is started.
Step R1 is followed by step R2 to read the position
X represented by the signal received from the
position sensor 104. Then, the control flow goes to
step R3 to determine whether the detected position
X is almost aligned with the original position Xo.
When the piston 50 is returned to the original
position Xo, step R4 is implemented. If the piston
50 has not been returned to the original position
Xo, step R3 is followed by step R8 in which a
counter C3 is incremented, and by step R9 to
determine whether the content of the counter C3
has reached a predetermined number N3.

The counter C3 is reset to "0" when the rou-
fine is started, and is incremented each time step
R8 is implemented after the piston 50 has started
its return movement to the original position Xo.
Steps R8 and R9 are provided to detect an abnor-
mally slow movement of the piston 50 fo its original
position Xo for some reasons such as excessive
adhesion of the material 44 to the feed cylinder 46
or sticking of the piston 50. The predetermined
number N3 is determined by first determining an
optimum number to be counted by the counter C3
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during a time period required for the piston 50 fo
return to its original position Xo. The optimum
number is determined by experiment or simulation
or by calculation on the basis of the moving speed
of the piston 50 (i.e., rotating speed of the motor
89) and the cycle time necessary to repeat steps
R1-R3, R8 and R9 while the material feeding de-
vice 88 is normal. The number N3 is determined to
be larger than the thus determined optimum num-
ber by a suitable value that accommodates a pos-
sible variation. If a negative decision (NO) is ob-
tained in step R9, the control flow goes back to
step R1 to repeat the steps R1-R3, R8 and R9 with
the predetermined cycle time. If an affirmative de-
cision (YES) is obtained in step R9, the control flow
goes to step R10 to turn off the motor 89, and step
R11 to turn on the ALARM light on the display 98.

If an affirmative decision (YES) is obtained in
step R3 with the piston 50 returned to the original
position Xo before the count of the counter C3
reaches the predetermined number N3, the control
flow goes to step R4 in which the motor 89 of the
device 88 is once turned off and then turned on fo
rotate in the forward direction for elevating the
piston 50 to start feeding the material 44. For
example, the motor 89 is operated at a predeter-
mined constant speed. However, the operating
speed of the motor 89 may be suitably changed
during injection of the material 44, or the motor 89
may be operated with a predetermined torque.
Step R4 is followed by step R5, which is a sub-
routine as illustrated in the flow chart of Fig. 20, for
detecting abnormal injection of the material 44.

The sub-routine of Fig. 20 is initiated with step
R5-1 to read the injection pressure PB represented
by the signal from the pressure sensor 94, and the
position X of the piston 50 on the basis of the
signal received from the position sensor 104. Step
R5-1 is followed by step R5-2 to calculate an
amount M of the injected material 44 on the basis
of the detected position X. The injection amount M
is calculated by multiplying a distance (X - Xo) of
the presently detected position X from the original
position Xo, by the cross sectional area of the feed
cylinder 46. Thus, the position sensor 104 for de-
tecting the position X serves as a sensor for de-
tecting the injection amount M of the material 44.
Where the position X is obtained from the number
of rotation of the motor 89, a rotary encoder for
detecting the number of rotation of the motor 89
serves as a sensor for detecting the injection
amount M.

Then, the control flow goes to step R5-3 fo
calculate a maximum allowable injection pressure
PBmax1 and a minimum allowable injection pres-
sure PBmin1 on the basis of the calculated injec-
tion amount M, and according to stored maps or
equations representative of predetermined relation-
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ships between the values PBmax1 and PBmin1
and the injection amount M, as indicated in the
graph of Fig. 21 by way of example. The maximum
and minimum allowable injection pressures
PBmax1 and PBmin1 define an optimum range of
the injection pressure PB of the material 44, which
is used to determine whether the material 44 is
normally injected into the mold 56. The data maps
or equations are determined by experiment or sim-
ulation on the basis of the injecting condition of the
material 44 when the system 100 is normal. De-
scribed in detail, the injection pressure PB in-
creases with an increase in the injecting resistance
as the injection amount M increases. If there ex-
isted a leakage flow of the material 44 due to
cracking or other damage of the elastic sealing
members 60, 62 of the mold 56 or due to defective
connection of the connecting tube 42 and connec-
tor 38, the injection pressure PB would be lower
than the optimum level. If the injection passage 34
was partly closed or plugged with a foreign matter,
the injection pressure PB would be higher than the
optimum level. Therefore, the optimum or allowable
range (PBmax1 - PBmin1) of the injection pressure
may be determined as a function of the actual
injection amount M. The optimum range (PBmax1 -
PBmin1) accommodates a fluctuation associated
with the material injection due to a variation of the
viscosity of the material 44 and a variation of the
characteristics of the specific mold 56 with respect
to the nominal specifications.

Step R5-3 is followed by step R5-4 to deter-
mine whether the detected injection pressure PB
has been raised to the calculated minimum allowa-
ble pressure PBmini. If an affirmative decision
(YES) is obtained in step R5-4, the control flow
goes to step R5-5. If a negative decision (NO) is
obtained in step R5-4, step R5-8 is implemented to
increment a counter C4. Step R5-8 is followed by
step R5-9 to determine whether the content of the
counter C4 has reached a predetermined number
N4. The counter C4 is reset to "0" immaediately
after the routine is initiated, and counts the number
of implementation of step R5-8 after the negative
decision (NO) is obtained in step R5-4 for the first
time. Steps R5-8 and R5-9 are provided to deter-
mine whether the pressure PB is temporarily lower
than the minimum allowable level PBmin1 due to
some fluctuating factors associated with the injec-
tion of the material 44, or whether the pressure PB
lower than the level PBmin1 is of a permanent
nature due to leakage of the material 44. The
number N4 is determined on the basis of expected
fluctuating factors during normal operation of the
system 100. While the content of the counter C4 is
smaller than the predetermined number N4, the
control returns to step R4 (Fig. 19), and the injec-
tion of the material 44 is continued. If the content
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of the counter C4 has reached the number N4, the
control flow goes to step R5-10 to turn off the
motor 89 to stop the injection of the material 44,
and step R5-11 to turn on an MATERIAL LEAKAGE
light on the display 98, informing the operator of
the leakage of the material 44.

If an affirmative decision (YES) is obtained in
step R5-4 with the injection pressure PB raised to
the minimum allowable level PBmin1, step R5-5 is
implemented to reset the counter C4 to "0". Then,
step R5-6 is implemented to determine whether the
actual injection pressure PB is equal to or lower
than the maximum allowable limit PBmax1. If an
affirmative decision (YES) is obtained in step R5-6,
the control flow goes to step R5-7. If a negative
decision (NO) is obtained in step R5-6, the control
flow goes to step R5-12 to increment a counter C5,
and step R5-13 to determine whether the content
of the counter C5 has reached a predetermined
number N5. The counter C5 is reset to "0" imme-
diately after the start of the routine or in step R5-7,
and counts the number of implementation of step
R5-13 after the negative decision (NO) is obtained
for the first time in step R5-6, that is, while the
injection pressure PB higher than the maximum
allowable level PBmax1. Steps R5-12 and R5-13
are provided to determine whether the pressure PB
is temporarily higher than the maximum allowable
level PBmax1 due to some fluctuating factors asso-
ciated with the injection of the material 44, or
whether the pressure PB higher than the level
PBmax1 is of a permanent nature due to plugging
of the connecting tube 42 or the injection passage
34 with a foreign matter, for example. The number
N5 is determined on the basis of expected fluctuat-
ing factors during normal operation of the system
100. While the content of the counter C5 is smaller
than the predetermined number N5, the control
returns to step R4 (Fig. 19), and the injection of the
material 44 is continued. If the content of the
counter C5 has reached the number N5, the control
flow goes to step R5-14 to turn off the motor 89 to
stop the injection of the material 44, and step R5-
15 to turn on the ALARM light on the display 98,
informing the operator that the pressure PB is
abnormally high.

If an affirmative decision (YES) is obtained in
step R5-6, that is, if the detected injection pressure
PB is held within the allowable or optimum range
between PBmin1 and PBmax1, step R5-7 is imple-
mented to reset the counter C5 to "0", and one
cycle of the sub-routine of step R5 (Fig. 19) is
terminated. Then, the control flow goes to step R6
to determine whether the injection pressure PB has
been raised to the predetermined final level PB1,
as in step S6 in the routine of Fig. 14 used in the
fourth embodiment. If a negative decision (NO) is
obtained in step R6, the control returns to step R4.
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Steps R4-R6 are repeatedly implemented, that is,
the injection of the material 44 is continued until
the injection pressure PB is raised to the final level
PB1. When the injection pressure PB has been
raised to the final level PB1, step R7 is imple-
mented to turn off the motor 89 to terminate the
injection of the material 44 and turn on the CAVITY
FULL light on the display 98.

After the cavity 28 is filled with the material 44
and the CAVITY FULL light is illuminated on the
display 98 in the gasket fabricating system 100, the
mold 56 is disconnected from the material feeding
device 88 and is moved to the next curing station
of Fig. 1(c), while the mold 56 is kept clamped fo
the head cover 10.

In the present gasket fabricating system 100,
oo, the gasket 12 is simultaneously formed on the
head cover 10 and fixed in the gasket-fixing groove
16, by injecting the material 44 into the cavity 28
by the material feeding device 88 while the mold
56 is clamped to the joining surface 14 of the head
cover 10. Thus, the present system 100 provides
substantially the same advantage as described
above with respect to the first embodiment.

Further, the present fifth embodiment is adapt-
ed such that the injection of the material 44 is
interrupted with the motor 89 turned off if the actual
injection pressure PB detected by the pressure
sensor 94 is held lower than the predetermined
minimum allowable level PBmin1 (determined by
the calculated injection amount M) for more than a
predetermined time, that is, if the count of the
counter C4 has reached the predetermined number
N4. In this event, the MATERIAL LEAKAGE light is
turned on on the display 98. This arrangement
enables the operator to detect, without a delay, the
leakage of the material 44 due to some trouble
such as damage of the elastic sealing members 60,
62 or defective connection of the material feeding
device 88, thereby making it possible to prevent
reduction of the yield ratio of the material 44 and
defective gasket 12. Similarly, the motor 89 is
turned off to interrupt the injection of the material
44 if the actual injection pressure PB is held higher
than the predetermined maximum allowable level
PBmax1 (determined by the injection amount M)
for more than a predetermined time, that is, if the
count of the counter C5 has reached the predeter-
mined number N5. This arrangement permits early
detection of abnormal flow of the material 44
through the injection passage 34 or the connecting
fube 42 due to plugging of the passage with a
foreign matter, for example, making it possible to
prevent otherwise resulting defective gasket 12 or
damaging of the material feeding device 88 due fo
an excessive rise of the injection pressure PB.

It will be understood that a portion of the con-
troller 102 assigned to implement step R5 of the
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routine of fig. 19 (i.e., sub-routine of Fig. 20) con-
stitutes means for providing an indication of ab-
normal injection of the material 44, and that the
data maps of Fig. 21 or corresponding equations
used to calculate the maximum and minimum al-
lowable pressure levels PBmax1 and PBmin1 re-
present predetermined relationships between the
injection amount M and injection pressure PB of
the material 44. Although the gasket fabricating
system 100 is adapted to continuously monitor the
injection pressure PB of the material 44, it is possi-
ble to monitor the injection pressure PB at selected
value or values of the injection amount M, for
example. Further, it is possible to determine wheth-
er the detected injection amount M is held within
an allowable range between the maximum and
minimum allowable values which are determined
by the detected injection pressure PB. The moni-
toring of the injection pressure PB may be made
using only one of the maximum and minimum
allowable levels PBmax1 and PBmin1.

In the present embodiment, the motor 89 is
turned off and the ALARM light is illuminated on
the display 98 if the piston 50 has not been re-
turned to the original position Xo in a predeter-
mined time, namely, before the count of the coun-
ter C3 has reached the predetermined number N3.
This arrangement permits early detection of ab-
normality associated with the feed cylinder 46 such
as excessive adhesion of the material 44 to the
cylinder 46 or sticking of the piston 50.

Referring to the flow chart of Figs. 22 and 23,
there is illustrated a modified routine for controlling
the injection of the material 44 in the gasket
fabricating system 100 of Fig. 18, according to a
sixth embodiment of this invention. Steps Q1-Q3
and Q7-Q12 are identical with steps R1-R3 and R6-
R11 of Fig. 19, and detailed or redundant descrip-
tion of these steps will not be provided. In the
routine of Fig. 22, step Q4 is implemented if an
affirmative decision (YES) is obtained in step Q3, to
reset a timer TimA for starting a time measurement
using a timer circuit incorporating a crystal or
quartz oscillator, for example. Then, step Q5 is
implemented to turn on the motor 89 for elevating
the piston 50 to start the injection of the material
44. Thus, the timer TimA serves as means for
measuring a material injection time Ta, namely, the
time after the injection of the material 44 by the
material feeding device 88 is started. The timer
TimA may be replaced by a counter which counts
the number of repeated implementation of a series
of steps at a constant cycle time. In step Q5, the
motor 89 is controlled to operate at a predeter-
mined constant speed to elevate the piston 50 at a
constant speed. However, the speed of the motor
89 may be changed in a predetermined pattern as
a function of time. Where the material feeding
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device 112 of Fig. 25 is used, the piston 50 may
be moved with a constant back pressure, or the
back pressure may be changed in a given pattern
as a function of time. Step Q5 is followed by step
Q6 to execute a sub-routine of Fig. 23 for detecting
abnormality associated with the injection of the
material 44.

The sub-routine of Fig. 23 is initiated with step
Q6-1 to read the injection pressure represented by
the signal received from the pressure sensor 94.
Step Q6-1 is followed by step Q6-2 to read the
material injection time Ta represented by the timer
TimA. Then, step Q6-3 is implemented to calculate
maximum and minimum allowable injection pres-
sure levels PBmax2 and PBmin2, on the basis of
the material injection time Ta, and according to
stored data maps or equations representative of
predetermined relationships between the time Ta
and the pressure levels PBmax2 and PBmin2 as
indicated in the graph of Fig. 24 by way of exam-
ple. These pressure levels PBmax2 and PBmin2
are used as thresholds for monitoring the injection
of the material 44. The data maps or equations to
calculate these thresholds are determined by ex-
periment or simulation on the basis of the injecting
condition of the material 44 while the system 100 is
normal. The injection pressure PB increases with
an increase in the injecting resistance of the ma-
terial 44, which increases with an increase in the
injection amount as a function of the injection time
Ta. If there existed a leakage flow of the material
44 due to cracking or other damage of the elastic
sealing members 60, 62 of the mold 56 or due fo
defective connection of the connecting tube 42 and
connector 38, the injection pressure PB would be
lower than the optimum level. If the injection pas-
sage 34 was partly closed or plugged with a for-
eign matter, the injection pressure PB would be
higher than the optimum level. Therefore, the opti-
mum or allowable range (PBmax2 - PBmin2) of the
injection pressure may be determined as a function
of the material injection time Ta. The optimum
range (PBmax2 - PBmin2) accommodates a fluc-
tuation associated with the material injection due to
a variation of the viscosity of the material 44 and a
variation of the characteristics of the specific mold
56 with respect to the nominal specifications.

Step Q6-3 is followed by step Q6-4 to deter-
mine whether the detected injection pressure PB
has been raised to the calculated minimum allowa-
ble level PBmin2. If the injection pressure PB is
held lower than the minimum allowable level
PBmin2 for more than a predetermined time, the
motor 89 is turned off in step Q6-10, and the
MATERIAL LEAKAGE light on the display 98 is
turned on in step Q6-11. Step QB6-6 is provided to
determine whether the injection pressure PB is
equal to or lower than the maximum allowable level
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PBmax2. If the injection pressure PB is held higher
than the maximum allowable level PBmax2 for
more than a predetermined time, the motor 89 is
turned off in step Q6-14, and the ALARM light on
the display 98 is turned on in step Q6-15. It is
noted that steps Q6-5 and Q6-7 through Q6-15 in
Fig. 23 are identical with steps R5-5 and R5-7
through R5-15 in Fig. 20, respectively.

The present sixth embodiment of Figs. 22 and
23 also permits early detection of leakage of the
material 44, plugging of the injection passage 34 or
the connecting tube 42, defective connection of the
material feeding device 88 to the mold 56, and
other abnormality. Thus, the present embodiment
provide substantially the same advantage as the
fifth embodiment of Figs. 19 and 20. Further, since
the injection pressure PB is monitored in relation to
the material injection time Ta, the position sensor
104 is not required for effecting the sub-routine of
Fig. 23. It will be understood that a portion of the
controller 102 assigned to implement step Q6 of
Fig. 22, that is, the sub-routine of Fig. 23, con-
stitutes means for providing an indication of ab-
normality associated with the injection of the ma-
terial 44. The data maps or equations used to
calculate the maximum and minimum allowable
pressure levels PBmax2, PBmin2 represent pre-
determined relationships between the injection
pressure PB and the material injection time Ta.
While the present embodiment is also adapted to
continuously monitor the injection pressure PB, it is
possible to monitor the injection pressure PB at
selected value or values of the material injection
time Ta. It is also possible to determine whether
the measured material injection time Ta is held
within an allowable range between the maximum
and minimum allowable values which are deter-
mined by the detected injection pressure PB. The
monitoring of the injection pressure PB may be
made using only one of the maximum and mini-
mum allowable pressure levels PBmax2 and
PBmin2.

The gasket fabricating system 110 shown in
Fig. 25 constructed according to a seventh embodi-
ment of the invention uses the material feeding
device 112 indicated above, which is different from
the material feeding device 88 used in the gasket
fabricating system 100 of Fig. 18. The material
feeding device 112 uses the drive cylinder 114
which is operated by a hydraulic or pneumatic
pressure to actuate the piston 50 of the feed cyl-
inder 46 with a predetermined back pressure. The
device 112 incorporates a drive circuit 116 which
includes a fluid pressurizing pump and a directional
control valve. The drive circuit 116 is controlled
according to a drive signal received from a control-
ler 118, to control the drive cylinder 114 for recip-
rocating the piston 50. The controller 118 receives
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a signal from the position sensor 104 on the feed
cylinder 46, which signal represents the position X
of the piston 50. The present system 110 may also
use the mold 20 or 66 in place of the mold 56,
and/or the material feeding device 88 with the
motor 89 in place of the device 112.

Like the controllers 92, 102, the controller 118
uses a microcomputer, which is adapted to execute
a routine of Figs. 26 and 27. The routine of Fig. 26
is substantially the same as the routine of Fig. 22,
except for steps W6 and W7, and with an excep-
tion that the drive circuit 116 and drive cylinder 114
are used to return the piston 50 to the original
position Xo and elevate the piston 50 to inject the
material 44, and that the supply of the pressurized
fluid to the drive cylinder 114 is stopped to inter-
rupt the injection of the material 44. Although the
piston 50 is elevated in step W5 by a predeter-
mined constant back pressure with a constant fluid
pressure applied to the drive cylinder 114, the fluid
pressure to be applied to the drive cylinder 114
may be changed according to a suitable pattern as
a function of time to thereby change the back
pressure of the piston 50 during injection of the
material 44. Where the material injecting device 88
is used, the torque of the motor 89 may be held
constant, or may be controlled to change according
to a predetermined pattern as a function of time.

Step W6 in Fig. 26 is a sub-routine for detect-
ing abnormality associated with the injection of the
material 44, as illustrated in the flow chart of Fig.
27. This sub-routine is initiated with step W6-1 to
read the position X of the piston 50 represented by
the signal received from the position sensor 104,
and calculate the injection amount M of the ma-
terial 44 on the basis of the position X, as in step
R5-2 in Fig. 20. In the present embodiment, too,
the position sensor 104 functions as means for
detecting the injection amount M. Step W6-1 is
followed by step W6-2 to read the material inject-
ing time Ta represented by the content of the timer
TimA. Then, step W6-3 is implemented to calculate
maximum and minimum allowable injection
amounts Mmax and Mmin on the basis of the
material injection time Ta, and according to stored
data maps or equations representative of predeter-
mined relationships between the time Ta and
amounts Mmax, Mmin as indicated in the graph of
Fig. 28 by way of example. These maximum and
minimum allowable injection amounts Mmax and
Mmin are used as thresholds for monitoring the
injection of the material 44, and the data maps or
equations used to obtain these values Mmax, Mmin
are determined by experiment or simulation on the
basis of the injecting condition of the material 44
when the gasket fabricating system 110 is normal.
The injection amount M increases as a function of
the injecting time Ta. However, if there existed a
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leakage flow of the material 44 due to cracking or
other damage of the elastic sealing members 60,
62 of the mold 56 or due to defective connection of
the connecting tube 42 and connector 38, the in-
jecting amount M would be larger than the opti-
mum value. If the injection passage 34 was partly
closed or plugged with a foreign matter, the inject-
ing amount M would be smaller than the optimum
value. Therefore, the optimum or allowable range
(Mmax - Mmin) of the injecting amount M may be
determined as a function of the material injection
time Ta. The optimum range (Mmax - Mmin) ac-
commodates a fluctuation associated with the ma-
terial injection due to a variation of the viscosity of
the material 44 and a variation of the characteris-
tics of the specific mold 56 with respect to the
nominal specifications.

Step W6-3 is followed by step W6-4 to deter-
mine whether the actual injecting amount M is
equal to or smaller than the maximum allowable
value Mmax. If the injecting amount M is held
larger than the value Mmax for more than a pre-
determined time, the supply of the pressurized
fluid to the drive cylinder 114 is interrupted in step
W6-10, and the MATERIAL LEAKAGE light on the
display 98 is turned on in step W6-11. Step W6-6
is provided to determine whether the injecting
amount M is equal to or smaller than the minimum
allowable value Mmin. If the injecting amount M is
held smaller than the minimum value Mmin for
more than a predetermined time, the supply of the
pressurized fluid to the drive cylinder 114 is inter-
rupted in step W6-14, and the ALARM light on the
display 98 is turned on in step W6-15. Steps W6-5
and W6-7 through W6-15 in Fig. 27 are substan-
tially the same as steps R5-5 and R5-7 through R5-
15 in Fig. 20, respectively. However, threshold val-
ues N6 and N7 for counters C6 and C7 used in
steps W6-9 and W6-13 may be the same as or
different from the threshold values N4, N5 used in
the sub-routine of Fig. 20.

If the actual injection amount M is in the al-
lowable range between Mmax and Mmin, step W6-
7 in the sub-routine of Fig. 27 is implemented, and
then the control goes to step W7 of the main
routine of Fig. 26. Step W7 is provided to deter-
mine whether the piston 50 has been elevated to
the final position X1. Steps W5-W7 are repeatedly
implemented to continue the injection of the ma-
terial 44 until the piston 50 has been elevated to
the final position X1. When the final position X1 is
reached, step W8 is implemented to stop the sup-
ply of the pressurized fluid to the drive cylinder
114 to terminate the injection of the material 44,
and turn on the CAVITY FULL light on the display
98. Step W7 may be effected in the preceding
embodiments, 100, to confirm that the piston 50 has
been elevated to the final position X1, on the basis
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of the detected position X, namely, the detected
injection amount M of the material 44. The present
seventh embodiment may be modified such that
the injection pressure PB detected by the pressure
sensor 94 as provided in the system 100 of Fig. 18
is used to determine whether the piston 50 has
been elevated to the final position X1, namely, the
cavity 28 has been filled with the material 44. In the
preceding sixth and the present seventh embodi-
ments, the material injecting time Ta may be used
to determine whether the cavity 28 has been filled
with the material 44.

Like the preceding embodiment of Figs. 19 and
20, the present embodiment permits early detec-
tion of any abnormality such as leakage of the
material 44, plugging of the injection passage 34 or
connecting tube 42 or defective connection of the
injecting device 112 to the mold 56. It is also noted
that the monitoring of the material injecting con-
dition using the predetermined relationship be-
tween the injection time Ta and amount M elimi-
nates the pressure sensor 94. It will be understood
that a portion of the controller 118 assigned to
implement step W6 of Fig. 26, i.e., sub-routine of
Fig. 27 constitutes means for providing an indica-
tion of abnormality associated with the injection of
the material 44. The data maps or equations used
fo calculate the maximum and minimum allowable
injection amounts Mmax, Mmin represent the pre-
determined relationships between the injection time
Ta and amount M. Although the present embodi-
ment is also adapted to continuously monitor the
injection of the material 44, it is possible to monitor
the injecting amount M at selected value or values
of the injecting time Ta. It is also possible fo
monitor the injection of the material 44 by deter-
mining whether the actual injecting time Ta is held
between maximum and minimum allowable inject-
ing times which are determined by the detected
injecting amount M. The monitoring of the injecting
amount M may be made using only one of the
maximum and minimum allowable values Mmax
and Mmin.

Referring next to Figs. 29 and 30, there is
shown a mold 120 which is suitably used in place
of the mold 20 in the gasket fabricating process of
Figs. 1(a) through 1(e). The mold 120 is different
from the mold 56 of Figs. 7-9, in that the body 58
of the mold 120 has an air exhaust passage 122
and a filter 126. The air exhaust passage 122 is
open at one end thereof to a portion of the gasket-
forming groove 26 to which the material flowing
from the injection passage 34 reaches last. Usually,
that portion is most distant from the connector 38
(from the injection passage 34 as shown in Figs. 3
and 4 ), as measured along the gasket-forming
groove 26. The air exhaust passage 122 is located
opposite to a portion of the groove 26 to which the
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injection passage 34 is connected. Described more
specifically, when the material 44 is injected into
the cavity 28 through connector 38 and injection
passage 34, there arise two flows of the injected
material 44 through respective two parts of the
groove 26 or cavity 28, beginning from one end of
the cavity 28 as seen in the longitudinal direction of
the mold 120, and the two flows eventually merge
or meet with each other at the other end of the
cavity 28. Thus, air remains to exist at this other
end of the cavity 28 by the time just before the
cavity is filled with the material 44. The air exhaust
passage 122 is open at this other end of the cavity
28 (corresponding end of the groove 26). The pas-
sage 122 is open to the ambient atmosphere
through a connector 128. The mold 120 has a
recess 124 which is open to the groove 26 and
which communicates with the inner end of the
passage 122. The recess 124 has a length of about
5mm and a width of about 1mm. The air exhaust
passage 122 is open to the bottom of the recess
124. The filter 126 indicated above fills a portion of
the recess 124 which is adjacent to the groove 26
and which is remote from the opening of the pas-
sage 122. The filter 126 permits a flow of air but
inhibits a flow of the material 44 therethrough. In
other words, the filter 126 define a part of the
surface defining the groove 26.

For instance, the filter 126 consists of a porous
metal or ceramic such as aluminum or zinc having
pores of about 100 angstroms, or a metal fiber felt.
The connector 128 is connectable to a connecting
tube 132 of an evacuating device 130 used in a
gasket fabricating system 138 shown in Fig. 31, or
a connecting tube 136 of a compressor 134 shown
in Fig. 34. Although the mold 120 is a modification
of the mold 56 having the elastic sealing members
60, 62, the principle of the mold 120 is equally
applicable to the mold 20 or 66.

The gasket fabricating system 138 indicated
above is constructed according to a ninth embodi-
ment of the present invention, and is suitably used
to practice the process of the invention. In opera-
tion, the mold 120 is clamped to the head cover 10
by the fixture 22, and the connecting tube 42 of the
material feeding device 40 is connected to the
connector 38 of the mold 120, while the connecting
tube 132 of the evacuating device 130 is con-
nected to the connector 128 of the mold 120. For
example, the evacuating device 130 includes a
vacuum pump adapted to evacuate the cavity 28
through the air exhaust passage 122. The evacuat-
ing device 130 is controlled according to a signal
received from a controller 140. A pressure sensor
142 is provided for detecting a pressure PC within
the cavity 28. The signal indicative of this pressure
PC is fed to the controller 140. Described more
precisely the pressure sensor 142 detects the pres-
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sure within the connecting tube 132, which may
differ only slightly from the pressure PC within the
cavity 28, unless the filter 126 is heavily clogged or
plugged. Therefore, the pressure detected by the
pressure sensor 142 can be considered to be the
pressure PC within the cavity 28. Like the pressure
sensor 96, the pressure sensor 142 may be a thin-
film type pressure sensor in which a piezoelectric
element or strain gage is disposed on a thin film
which deforms depending upon a difference be-
tween the pressure to be detected and the at-
mospheric pressure.

Like the controller 92, the controller 140 incor-
porates a microcomputer, which is adapted to ex-
ecute a routine illustrated in the flow chart of Fig.
32 to inject the material 44 into the cavity 28 while
the cavity is evacuated. When a start switch is
turned on, the routine is initiated with step F1 to
turn on the evacuating device 130 to evacuate the
cavity 28. Step F1 is followed by step F2 to reset a
timer TimB to start measuring an evacuating time
Tb, that is, the time after the evacuating device 130
is started. The timer TimB may be a timer circuit
incorporating a crystal oscillator. The timer TimB
may be replaced by a counter adapted to count the
number of repeated implementation of a series of
steps at a predetermined constant cycle time. Step
F2 is followed by step F3 to read the pressure PC
within the cavity 28 represented by the signal re-
ceived from the pressure sensor 142, and the
evacuating time Tb represented by the content of
the timer TimB. Then, step F4 is implemented to
calculate an upper limit pressure PCmax on the
basis of the evacuating time Tb and according to a
stored data map or equation representative of a
predetermined relationship between the values
PCmax and Tb as indicated by the graph of Fig. 33
by way of example. The upper limit pressure level
PCmax is a threshold used for determining whether
the cavity 28 is normally evacuated by the evacuat-
ing device 130. The data map or equation used to
calculate the value PCmax is determined by ex-
periment or simulation on the basis of the evacuat-
ing condition of the cavity 28 when the system 138
is normal. The pressure PC decreases as a func-
tion of the evacuating time Tb. However, if there
existed a leakage flow of the material 44 due fo
cracking or other damage of the elastic sealing
members 60, 62 of the mold 56 or due to defective
connection of the connecting tube 132 and connec-
tor 128, the pressure PC would be higher than the
optimum level. Therefore, the upper limit pressure
PCmax may be determined as a function of the
evacuating time Tb.

Step F4 is followed by step F5 to determine
whether the detected pressure PC is equal to or
lower than the upper limit level PCmax. If an affir-
mative decision (YES) is obtained in step F5, step
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F10 is implemented. If a negative decision (NO) is
obtained in step F5, the control flow goes to step
F6 to increment a counter 8, and step F7 to deter-
mine whether the content of the counter C8 has
reached a predetermined number N8. The counter
C8 is reset to "0" immediately after the start of the
routine or in step F10, and counts the number of
implementation of step F6 after the negative de-
cision (NO) is obtained for the first time in step F5.
Steps F6 and F7 are provided to determine wheth-
er the pressure PC higher than the upper limit
PCmax is of a temporary nature due to fluctuating
factors associated with the evacuating device 130,
or of a permanent nature due to air leakage from
the cavity 28 or related evacuating system which
includes the device 130. The threshold N8 may be
a constant value determined on the basis of a
variation associated with the evacuating condition
when the system 138 including the evacuating sys-
tem is normal. While the count of the counter C8 is
smaller than the threshold N8, the control flow goes
to step F3. Steps F3-F7 are repeatedly imple-
mented to continue the evacuation of the cavity 28.
If an affirmative decision (YES) is obtained in step
F7, the ALARM light on the display 98 is turned on
in step F8, and the evacuating device 130 is turned
off in step F9 to interrupt the evacuation of the
cavity 28.

If an affirmative decision (YES) is obtained in
step F5, that is, the pressure PC is not higher than
the upper limit PCmax, step F10 is implemented to
reset the counter C8 to "0", and step F11 is then
implemented to determine whether the pressure
PC is equal to or lower than a predetermined level
PC1. Step F11 is provided to determine whether
the cavity 28 is evacuated to a desired pressure
level that prevents air voids within the gasket 12 to
be formed. The predetermined level PC1 may be
selected to be about 100mbar (1 x 10*Pa). While
the pressure PC is higher than the predetermined
level PC1, steps F3-F5 and F10-F11 are repeatedly
implemented to continue the evacuation of the cav-
ity 28. When the pressure is lowered to the pre-
determined level PC1, step F12 is implemented to
turn on the material feeding device 40 to start the
injection of the material 44 into the cavity 28. The
evacuating device 130 is kept operated even after
the affirmative decision (YES) is obtained in step
F11, and turned off in step F9 when the cavity 28
is filled with the material 44.

After the cavity 28 is filled with the material 44
in the gasket fabricating system 138, the material
feeding device 40 and evacuating device 130 are
disconnected from the mold 120 while the mold
120 is held clamped to the head cover 10 by the
internal force type fixture 22. The material 44 is
then cured in the curing device 52. The mold 120
is removed from the head cover 10, and is con-
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nected at its connector 128 to the air compressor
134 as shown in Fig. 34, so that the material 44 left
on the filter 126 is removed by the compressed air.
At this time, the pressure in the connecting tube
136 is detected by a pressure sensor 144 con-
nected to the connecting tube 136, to confirm that
the detected pressure is lowered below a predeter-
mined level, which indicates complete removal of
the material 44 from the filter 126. Although this
operation to clean the filter 126 may be effected
under the control of the controller 140, the opera-
tion may be effected manually. In this case, the
compressor 134 is turned on by the operator using
a suitable switch, and turned off by the switch
when the operator visually confirms that the pres-
sure detected by the pressure sensor 144 is lower-
ed below the predetermined level. The mold 120 is
then coated with a mold release agent at the gas-
ket-forming groove 26, and returned to the mold
clamping station for use with the next workpiece
10.

In the present gasket fabricating system 138,
the mold 120 is clamped to the joining surface 14
of the head cover 10, and the cavity 28 formed
therebetween is evacuated until the pressure PC
within the cavity 28 is lowered to the predeter-
mined level PC1. Then, the material feeding device
40 is activated to inject the material 44 into the
cavity 28, so that the gasket 12 is simultaneously
formed in the cavity 28 and fixed in the fixing
groove 16 formed in the head cover 10. Thus, the
present system 138 have substantially the same
advantage as the systems previously discussed. It
is also noted that the elastic sealing members 60,
62 disposed on both inner and outer sides of the
gasket-forming groove 26 assure sufficient pres-
sure-tight sealing between the mold 120 and the
head cover 10, without an excessively large clamp-
ing pressure, as in the embodiment using the mold
56.

While the pressure-tight sealing of the cavity
28 means relatively difficult discharge of the air
from the cavity 28 and relatively easy formation of
air voids within the gasket 12, the positive evacu-
ation of the cavity 28 by the evacuating device 130
facilitates the filling of the cavity 28 with the ma-
terial 44 without the air left therein, and minimizes
the risk of formation of the air voids in the gasket
due to the air left in the cavity 28. It will be
understood that a portion of the controller 140
assigned to implement steps F1-F11 constitutes
means for evacuating the cavity 28. Although the
present system 138 is adapted to start the injection
of the material 44 only after the pressure PC within
the cavity 28 is lowered below the predetermined
level, the evacuating device 130 may be turned on
simultaneously with the material feeding device 40,
for correct evacuation and material filling of the
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cavity 28.

As described above, the ALARM light on the
display 98 is turned on and the evacuation of the
cavity 28 by the evacuating device 130 is inter-
rupted if the pressure PC within the cavity 28 is
held higher than the upper limit PCmax (deter-
mined by the injecting time Tb) for more than a
predetermined time, namely, if the count of the
counter C8 has reached the predetermined number
N8. This arrangement permits early detection of air
leakage due to damage of the elastic sealing mem-
bers 60, 62, and prevents reduction of the yield
ratio of the material 44 due fo subsequent leakage
of the material 44 and defects of the gasket 12.
The data map or equation used to calculate the
upper limit PCmax represents a predetermined re-
lationship between the pressure PC and the inject-
ing time Tb. While the pressure in the cavity 28 is
continuously monitored during evacuation thereof,
the pressure PC may be monitored at selected
values of the injecting time Tb. Further, the filter
126 may be monitored for clogging, by determining
whether the pressure PC is held within an allowable
range defined by the upper limit PCmax and a
lower limit PCmin. It is also possible to monitor the
evacuation of the cavity 28 by determining whether
the actual injecting time Tb is shorter than a maxi-
mum allowable injecting time that is determined by
the pressure PC.

The mold 120 has the filter 126 disposed at the
position of communication between the air exhaust
passage 122 and the gasket-forming groove 26.
The filter 126 prevents the leakage of the material
44 through the air exhaust passage 122, and ac-
cordingly improves the yield ratio of the material
44. The provision of the filter 126 also permits the
air exhaust passage 122 to have a large opening
(about 5mm long) at the connection fo the groove
26, whereby the cavity 28 can be evacuated with
high efficiency even if the position of the portion of
the cavity 28 which is last filled with the material 44
considerably fluctuates. Since the air exhaust pas-
sage 122 is open to that last filled portion of the
cavity 28, the cavity 28 can be evacuated as the
material 44 is injected into the cavity 28, without
positive evacuation by the device 130, while the
present embodiment is adapted to activate the
device 130 prior to the injection of the material 44.
In this embodiment, the connection of the air ex-
haust passage 122 to the last filled portion of the
cavity 28 is desirable but not essential.

While the present invention has been de-
scribed in detail in its presently preferred embodi-
ments with certain degrees of particularity in var-
ious aspects, it is to be understood that the inven-
tion is not confined to the details of the illustrated
embodiments, but may be embodied otherwise.
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For instance, the principle of the present inven-
tion is equally applicable to the formation of the
gasket 12 on any component other than the head
cover 10, such as a transmission casing, an oil
pan, and other parts which require a comparatively
high degree of fluid- or pressure-tightness with
respect to the mating part.

Although the material feeding devices 40, 88,
112 all use the feed cylinder 46 for forcing the
material 44 into the cavity 28, the present invention
may use other types of material feeding device,
such as a device in which a screw having a helical
vane or vanes is rotated by suitable drive means.

While the gasket-forming groove 26 has a
semi-circular cross sectional shape in the illus-
trated embodiments, the shape of the groove 26
may be modified as needed. Similarly, the cross
sectional shape of the gasket-fixing groove 16 may
be modified as needed.

It is to be understood that the present invention

may be embodied with various other changes,
modifications and improvements, which may occur
to those skilled in the art, in the light of the fore-
going teachings.
A process and an apparatus for forming a gasket
(12) directly on a workpiece (10) having a joining
surface (14) which has an annular gasket-fixing
groove (16), wherein a mold (20, 56, 66, 120)
having a gasket-forming groove (26) which coop-
erates with the gasket-fixing groove to define a
cavity (28) for forming the gasket (12) is clamped
to the joining surface of the workpiece, and a
material is injected into the cavity through an injec-
tion passage (34) which is formed through the mold
and which communicates with the gasket-forming
groove. The material is cured into the gasket, and
the mold is removed from the workpiece. The mold
may have two elastic sealing members (60, 62, 70,
72) disposed on inner and outer sides of the gas-
ket-forming groove, respectively, so as to extend
along the gasket-forming groove, and provide pres-
sure-tight sealing of the cavity when the body is
placed on the workpiece such that the sealing
members are held in elastic pressure-tight contact
with the joining surface.

Claims

1. A process of forming a gasket directly on a
workpiece having a joining surface which has
an annular gasket-fixing groove, characterized
by comprising the steps of:

preparing a mold (20, 56, 66, 120) having
a gasket-forming groove (26) which cooperates
with said gasket-fixing groove (16) to define a
cavity (28) for forming said gasket (12);

clamping said mold to said joining surface
(14) of said workpiece (10);
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injecting a material for the gasket into said
cavity through an injection passage (34) which
is formed through said mold and which com-
municates with said gasket-forming groove;

curing said material injected in said cavity;
and

removing said mold from said workpiece.

An apparatus for forming a gasket directly on a
workpiece having a joining surface which has
an annular gasket-fixing groove, characterized
by comprising:

a mold (20, 56, 66, 120) having a gasket-
forming groove (26) which cooperates with said
gasket firxing groove (16) of said workpiece
(10) to define a cavity (28) for forming said
gasket (12) when said mold is placed on said
joining surface (14) of the workpiece, said
mold further having an injection passage (34)
which communicates with said gasket-forming
groove and through which a material (44) for
said gasket is injected into said cavity;

a clamping device (22) for clamping said
mold to said joining surface (14) of said work-
piece;

a material feeding device (40, 88, 112) for
injecting said material into said cavity through
said injection passage (34); and

a curing device (52) for curing said ma-
terial injected in said cavity.

An apparatus according to claim 2, wherein
said mold includes a body (58, 68) which is
placed on said joining surface (14) of said
workpiece (10) and which has said gasket-
forming groove (26) and said injection passage
(34), said mold further including inner and out-
er elastic sealing members (60, 62, 70, 72)
attached to said body and disposed on inner
and outer sides of said gasket-forming groove,
respectively, so as to extend along said gas-
ket-forming groove, said inner and outer elastic
sealing members providing pressure-tight seal-
ing of said cavity when said body is placed on
said joining surface of said workpiece such
that said elastic sealing members are held in
elastic pressure-tight contact with said joining
surface.

An apparatus according to claim 2, wherein
said mold (66) includes a body (68) which is
placed on said joining surface (14) of said
workpiece (10) and which has said gasket-
forming groove (26) and said injection passage
(34), said mold further including inner and out-
er elastic tubes (70, 72) attached to said body,
said inner and outer elastic tubes (70, 72)
being disposed on inner and outer sides of
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said gasket-forming groove, respectively, so as
fo extend along said gasket-forming groove,
said inner and outer elastic tubes providing
pressure-tight sealing of said cavity when said
body is placed on said joining surface of said
workpiece such that said elastic tubes are held
in elastic pressure-tight contact with said join-
ing surface, and wherein said body further has
a fluid passage (76) communicating with said
elastic tubes, said apparatus further compris-
ing;

a pressurized-fluid supply device (82) con-
nectable to said fluid passage of said body, for
supplying said elastic tubes with a pressurized
fluid;

a first pressure sensor (96) for detecting a
pressure of said pressurized fluid in said elas-
tic tubes;

a second pressure sensor (94) for detect-
ing an injection pressure of said material; and

a controller (92) for controlling at least one
of said pressurized-fluid supply device and
said material feeding device, such that the
pressure of said pressurized fluid detected by
said first pressure sensor and said injection
pressure of said material detected by said
second pressure sensor increase so as to
maintain a predetermined relationship there-
between without leakage of said material from
said cavity.

An apparatus according to claim 4, wherein
said controller (92) comprises means for pro-
viding an indication of abnormality associated
with the supplying of said elastic tubes with
said pressurized fluid, if the pressure of said
pressurized fluid detected by said first pres-
sure sensor is lower than a predetermined
threshold.

An apparatus according to claim 2, further
comprising:

a pressure sensor (94) for detecting an
injection pressure of said material;

an injection amount sensor (104) for de-
tecting an amount of injection of said material
by said material feeding device; and

means (102) for determining whether said
injection pressure of said material detected by
said pressure sensor and said amount of injec-
tion of said material detected by said injection
amount sensor satisfy a predetermined rela-
tionship, and providing an indication of ab-
normality associated with the injection of said
material by said material feeding device, if said
predetermined relationship is not satisfied.
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An apparatus according to claim 2, further
comprising:

a pressure sensor (94) for detecting an
injection pressure of said material;

time measuring means (102) for measuring
an injection time of said material which has
passed after an operation of said material feed-
ing device (88, 114) is started; and

means (102) for determining whether said
injection pressure of said material detected by
said pressure sensor and said injection time
measured by said time measuring means sat-
isfy a predetermined relationship, and provid-
ing an indication of abnormality associated with
the injection of said material by said material
feeding device, if said predetermined relation-
ship is not satisfied.

An apparatus according to claim 2, further
comprising:

an injection amount sensor (104) for de-
tecting an amount of injection of said material
by said material feeding device;

time measuring means (102) for measuring
an injection time of said material which has
passed after an operation of said material feed-
ing device (88, 114) is started; and

means (118) for determining whether said
amount of injection of said material detected
by said injection amount sensor and said injec-
tion time measured by said time measuring
means satisfy a predetermined relationship,
and providing an indication of abnormality as-
sociated with the injection of said material by
said material feeding device, if said predeter-
mined relationship is not satisfied.

An apparatus according to claim 2, wherein
said mold includes a body (58) which is placed
on said joining surface (14) of said workpiece
(10) and which has said gasket-forming groove
and said injection passage (34), and wherein
said body further has an air exhaust passage
(122) which is open at one end thereof t0 a
portion of said gasket-forming groove to which
said material flowing from said injection pas-
sage reaches last, said air exhaust passage
being open at the other end thereof fo an
ambient atmosphere.

An apparatus according to claim 9, wherein
said body incorporates a filter (126) at one end
of said air exhaust groove (122) at which said
air exhaust groove communicates with said
gasket-forming groove (26), said filter permit-
ting a flow of air therethrough and inhibiting a
flow of said material therethrough.
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A process according to claim 1, further com-
prising steps of:

providing said mold (120) with an air ex-
haust passage (122) which is open at one end
thereof with said gasket-forming groove; and

connecting an evacuating device (130) fo
the other end of said air exhaust passage after
said step of clamping said mold to said joining
surface of said workpiece and before said step
of injecting a material into said cavity, and
operating said evacuating device to evacuate
said cavity through said air exhaust passage.

A process according to claim 11, further com-
prising steps of:

measuring an evacuating time which has
passed after an operation of said evacuating
device is started;

detecting a pressure in said cavity while
said evacuating device is in operation; and

determining whether said evacuating time
and said pressure in said cavity satisfy a pre-
determined relationship, and providing an in-
dication of abnormality associated with evacu-
ation of said cavity, if said predetermined rela-
tionship is not satisfied.
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